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ABSTRACT OF THE DISSERTATION

The Effects of Physical Activity and Nutrient Intake on the Risk of Hip Fracture: Results
from the Adventist Health Study-2
By
Wen-Ling Liao
Doctor of Public Health Candidate in Epidemiology
Loma Linda University, Loma Linda, California, 92350
Synnove Knutsen, Chairman
This is a two year of follow up study of Adventist Health Study-2 (AHS-2). We
assessed the association between physical activity, nutrient intake and risk of hip fracture
among peri- and post menopausal Caucasian women using unconditional logistic
regression models. All subjects completed a lifestyle questionnaire which including
information of physical activity and frequency and portion size of food intake at
enrollment into the study (2002-2007). The “Bi-Annual Hospitalization History”
questionnaire which included a question about hip fractures due to minor trauma/falls
was sent to subjects approximately two years after enrollment, with a response rat of
82.84%. In this cohort, a total of 151 new cases of hip fracture occurred among 25,398
peri- and post- menopausal women aged 45 or older during the 55, 313 person years of
follow-up period giving an incidence rate of 273 per 100,000 person-years and 282 per
100,000 person years after direct age-adjustment (using the US 2000 female white
population). There was a dose response inverse relationship between level of regular
walking, running and jogging and hip fracture with 64% reduction of risk for those who
reported walking more than 5 miles per week compared to those with less than 2.5 miles
m

per week or no regular exercise. The risk of hip fracture was inversely associated with
dairy food intake [OR = 0.86 (95% Cl: 0.39, 1.90) and OR = 0.70 (95% Cl: 0.35, 1.41),
respectively, for intake of 2-<7 times/wk and 7+times/wk vs. <2 times/wk]. Similarly,
those in the highest tertile of dairy source protein (10.47+ g/day), experienced a clear
lowering in hip fracture risk compared to those in the lowest tertile (< 4.31 g/day) of
dairy source protein (OR=0.39 (95% Cl: 0.16, 0.98). Dairy protein showed an
independent protective effect on hip fracture after adjusting for total protein and dietary
calcium. In summary, our findings suggest that a regular walking program of at least 5
miles per week and dairy protein consumption lower the risk the hip fracture in this study
population.
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CHAPTER 1
INTRODUCTION

A. Statement of the Problem
Hip fracture is a major health concern among the aged and is associated with
significant morbidity and mortality. With increased population longevity, the number of hip
fractures is expected to increase. Approximately 1.26 million hip fractures occurred in the
world in 1990, and this number is expected to increase to 2.6 million by the year 2025 and
4.5 million by the year 2050 (Gullberg, Johnell, & Kanis, 1997). A hip fracture results in
large costs of hospitalization, rehabilitation and extended care. Most patients with hip
fractures are hospitalized for about one week (DeFrances, Cullen, & Kozak, 2007). Among
survivors, 40% are unable to walk independently and 60% require assistance a year later
(Magaziner, Simonsick, Kashner, Hebei, & Kenzora, 1990). Another study found that 33%
are totally dependent or in a nursing home in the year following a hip fracture (Kannus,
Parkkari, Niemi, & Palvanen, 1996; Riggs & Melton, 1995). The overall mortality rate for
hip fracture patients is 22-29% in the first year (Giversen, 2007; Haleem, Lutchman,
Mayahi, Grice, & Parker, 2008). In the United States, approximately 300,000 hip fractures
costing nearly 12.1 million dollars were reported in 2005 (Burge, et al., 2007).
Bone mass, muscle mass and strength may decline over the life span and increase
the risk of hip fracture. The mechanisms of maintenance of adequate bone/muscle mass and
function through physical activity and the intake of adequate nutrients in the older adult
population are important public health research issues.
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B. Purpose of the Study
The purpose of the study was to investigate the effects of physical activity and
protein intake on the incidence of hip fracture among peri- and postmenopausal women
during two-years follow up of the Adventist Health Study-2 (Butler, et ah, 2008).
C. Research Questions
1. Is regular self-reported physical activity associated with 2-year incidence of hip
fracture among peri- and postmenopausal women in the Adventist Health Study-2
2. Is protein intake associated with 2-year incidence of hip fracture among peri- and
postmenopausal women in the Adventist Health Study-2
3. Do plant and animal proteins have the same effects on hip fracture?
D. Significance to Epidemiology
Increased longevity in the population will result in an increase in the incidence of
bone fracture, which in turn will increase health care costs. Hip fractures will be a major
public health concern in the U.S. and worldwide. Assessing to what degree physical
activity and nutrient intake influences risk of hip fracture is of great public health
importance and could contribute to a reduction in number of hip fractures through changed
behavior among the elderly population.
The Adventist Health Study-2 (AHS-2) is a nationwide prospective study to
investigate the effects of lifestyle on chronic disease among black and white Seventh-day
Adventist (SDA) church members in the United States and Canada (Butler, et ah, 2008).
The Adventist population has a low prevalence of alcohol consumption and tobacco use.
After minimizing these potential confounders, the Adventist population could be

2

advantageous for investigating the association between physical activity, protein intake and
risk of hip fracture.
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CHAPTER 2
LITERATURE REVIEW

A. Overview
The components of the fracture triangle include falls, force and bone strength. The
risk factors for falling include aging, which slows a person’s reaction time (reflexes),
changes in muscle mass flexibility and body fat, changes in vision, medications (anti
hypertensive, heart medicines, diuretics or water pills and muscle relaxants or tranquilizers),
and alcohol consumption.
Ninety percent of hip fractures in the elderly is associated with a fall (Tinetti, 2003).
The percentage of falls resulting in fractures increases with age, from 5.56% among 20-45
year-olds (3 of 54 young fallers), 11.5 % among 46-65 year olds (15 of 131 fallers) to
15.1% among >65 year olds (31 of 205 fallers) (Talbot, Musiol, Witham, & Metter, 2005).
Tall people have a greater distance from the hip bone to the floor. When they fall,
they experience a greater force on their bones, which will increase the risk of fracturing the
hip. Other risk factors are smoking, having a small frame, having a history of fracture or a
first-degree relative with a history of fractures. Being a Caucasian woman is associated
with increased risk of fracture as well (Torpy, Lynm, & Glass, 2006).
The effect of physical activity and dietary factors on bone health has been a topic of
discussion among both clinicians and researchers for many years. Several mechanisms for
the effects of physical activities on the risk of fracture have been discussed, such as
increased muscle strength and better balance and thus reduction in the risk of falling, and
increased bone mass and density. Among dietary factors, the effects of calcium (Ca) and
4

vitamin D intake on bone health have been investigated extensively, and many
organizations recommend consuming calcium and vitamin D to maintain bone health.
Many other sources of nutrition, such as vegetables and fruit, meat, and animal/vegetable
protein have also been studied (Heaney, Carey, & Harkness, 2005).
B. Demographic and Lifestyle Risk Factors
1. Age, Gender and Ethnicity
The incidence of hip fracture increases exponentially with age, especially
after age 65. According to a Report of the Surgeon General (2004), the incidence rate of
hip fracture has been reported to increase from 2 per 100,000 among white women under
age 35 to over 3,000 per 100,000 among white women age 85 and older. Nearly 75% of all
hip fractures occur in women (Jordan & Cooper, 2002). About 25% of hip fractures in
people over 50 years occur in men (Cooper, Campion, & Melton, 1992). Women thus have
a higher risk of experiencing hip fracture than males (Chang, Center, Nguyen, & Eisman,
2004). However, this female to male ratio decreases with age (Chang, et ah, 2004; Shao,
Hsieh, Tsai, & Lai, 2009). At advanced ages, the risk of hip fracture for males is close to
that for females. Fracture incidence in the United States varies among different ethnic
groups. Non-Hispanic white subjects have a higher risk of fracture than other ethnic groups
(A Report of the Surgeon General, 2004).
2. Body Weight and Height
A high body mass index (BMI) is usually associated with lower risk of hip
fracture. In a meta-analysis of 12 prospective cohort studies, the inverse association
between BMI and hip fracture was confirmed (De Laet, et ah, 2005). A significant 7%
reduction in risk of hip fracture was found for each unit increase in BMI. The magnitude of
5

the BMI effect on risk of hip fracture was decreased, but remained significant, after
adjusting for BMD in women. Meyer et al., (1993) found that hip fracture risk was
inversely related to BMI and positively associated with height among middle-aged
Norwegian women. Likewise, Prentice et al., (2004) found a protective effect of more
adipose tissue, probably mediated through the shock absorption and endogenous production
of estrogens observed in older obese people. Calorie-restricted weight loss has been found
to be detrimental to bone mass (Park, Lee, Kuller, & Cauley, 2007).
3. Hormone Effects
People achieve peak bone mineral density (BMD) around age 30, then start
to lose it slowly as part of the natural aging process. Women lose their BMD more quickly
from about 2-3 years before their last menses until about 3-4 years after their last menses
(Recker, Lappe, Davies, & Heaney, 2000). Research has shown that women can lose up to
20% of their BMD in five to seven years following menopause. Hormone replacement
therapy (HRT) has been found to prevent bone loss in postmenopausal women and reduces
the incidence of fractures (Kerstetter, Wall, O'Brien, Caseria, & Insogna, 2006; Ribot &
Tremollieres, 2006; Spence, et al., 2005) although HRT can increase the risk of some
cancers in certain subgroups (Society, 2008). So the decision to take postmenopausal HRT
is a complex decision for many women.
4. Alcohol and Smoking
Smoking is widely considered a risk factor for hip fracture. In a meta
analysis, it was found that current smokers have greater bone loss (Ward & Klesges, 2001)
and increased risk of fracture (Kanis, et al., 2005) compared to non-smokers, but the risk
ratio decreased with age. Also, researchers have found that smoking lowers estrogen levels
6

in women and this would increase bone loss (Bjamason & Christiansen, 2000; Jensen,
Christiansen, & Rodbro, 1985; Spangler, 1999). However, Cummings et ah, ( 1995) has
found that the adverse effect of smoking could be explained by other factors related to
smoking, such as weight loss, poor health and the reduced likelihood of walking for
exercise.
Heavy alcohol intake can disrupt calcium and bone homeostasis which increases the
risk of fracture (Mukamal, Robbins, Cauley, Kern, & Siscovick, 2007). However, persons
who consume moderate amounts of alcohol, 0.5 to 1 drink per day, have lower risks of hip
fracture compared to people who never drink (Berg, et ah, 2008; Cummings, et al., 1995).
C. The Effects of Dietary Factors on Bone Health
1. Vegetarian and Non-Vegetarian
Researchers have discussed the effects of diet on bone health based on
different dietary patterns. Several studies have reported lower bone mineral density (BMD)
(Chiu, et al., 1997; Lau, Kwok, Woo, & Ho, 1998; Smith, 2006) and bone mineral content
(BMC) (Parsons, et al., 1997) or higher fracture rate (Appleby, Roddam, Allen, & Key,
2007) in vegans or vegetarians compared with omnivores. Long term postmenopausal
female practitioners of a vegan vegetarian diet in Taiwan (Chiu, et al., 1997) were found to
be at higher risk of having osteopenia of the femoral neck than those subjects with shorter
duration or non-strict vegan diets. Lower BMC was observed in Dutch adolescents (aged 915 years) with vegan type diet (Parsons, et al., 1997). One large vegetarian cohort study in
Europe, the European Prospective Investigation into Cancer and Nutrition (EPIC-Oxford)
(Appleby, et al., 2007) found higher age-adjusted fracture risk in vegans compared to lactoovo vegetarians, meat eaters, and fish eaters.
7

Several dietary factors, such as calcium, vitamin D and protein are likely to differ in
people with different dietary patterns and those nutrients may play important roles in bone
health. Studies have found that vegans frequently consume lower levels of calcium and
vitamin D. From the EPIC-Oxford study (Davey, et ah, 2003), researchers reported that
vegans had lower intake of calcium and vitamin D compared to meat eaters, fish eaters and
lacto-ovo-vegetarians. Studies in Taiwan and Germany have also shown lower than
recommended daily intakes of calcium and vitamin D among vegans (Chiu, et ah, 1997;
Waldmann, Koschizke, Leitzmann, & Hahn, 2003). Also, studies have shown that
vegetarians, including vegans and lacto-ovo vegetarians have lower total protein intake
compared to omnivores (Ho-Pham, et ah, 2009; Lau, et ah, 1998). In the EPIC-Oxford
study, researchers also found that increased intake of protein was strongly associated with
higher BMI which is a protective factor for bone fracture (Spencer, Appleby, Davey, &
Key, 2003). (Studies and their effects are compiled in Table 2.1)
2. Protein
Protein is a major structural component of bone, about 33% of the
compounds of bone consists of protein (Martini, 2006). The role of dietary protein in bone
health is nevertheless ambiguous. The effects of different amounts and sources of protein
on bone mass, muscle mass and fracture risk have been discussed.
a. Biological Mechanisms for Protein Effects on Bone Health High protein
intake affects calcium homeostasis, resulting in increased urinary calcium excretion. High
protein intake, especially of S-containing amino acids, may increase Ca excretion from the
bone and increase bone fractures as a result. When a high amount of dietary protein is
consumed, the S-containing amino acids, methionine and cysteine, are oxidized to H2SO4
8

in the liver. This reduces blood pH thereby increasing bone resorption and increasing
urinary Ca excretion (Remer, 2000). Animal protein usually contains larger amounts of
sulfur-containing amino acids than vegetable sources of protein (Paul, Southgate, & Buss,
1986). Vegetable foods are known to be rich in organic anions that can be metabolized to
base bicarbonate. One hypothesis is that eating more acidic protein (animal protein) than
alkaloid protein (vegetable protein) will increase the net rate of endogenous acid
production and thus increase Ca excretion (Ginty, 2003).
Moreover, the essential amino acid lysine may also play a role in Ca metabolism.
Study (Civitelli, et ah, 1992) in human subjects has shown that Ca absorption is higher
when lysine intake increases. However, some plant proteins, such as in cereal grains and
legumes, are generally poor sources of lysine and contain high amounts of the S-amino
acids at the same time. Munger et ah, (1999) showed a positive association between risk of
hip facture and high consumption of vegetable protein.
On the other hand, high protein intake may increase insulin like-growth factor 1
(IGF-1) and muscle strength and mobility. IGF-1 increases osteoblast activity as well as
production of type I collagen and results in decreased bone loss and bone fracture
(Conigrave, Brown, & Rizzoli, 2008).
b. Effects ofDifferent Levels ofDietary Protein The current recommended
dietary allowance (RDA) for protein intake for all men and women aged 19 years and older
is 0.8 g/kg per day (Medicine, 2005). Other studies have suggested that a moderately higher
protein intake of 1.0-1.3 g/kg per day may be required for elderly individuals (PaddonJones, Short, Campbell, Volpi, & Wolfe, 2008).

9

The effect of dietary protein consumption on bone health remains a controversial
issue. Both high and low protein intakes have been shown to be detrimental to the skeleton.
At low protein intakes (<0.8 g/kg per day), intestinal calcium absorption is reduced and
parathyroid hormone level increased, causing the release of calcium from bone (Kerstetter,
O'Brien, & Insogna, 2003). Insufficient protein intake in elderly individuals may result in
loss of body cell mass and muscle function (Paddon-Jones, et ah, 2008). An animal study in
rats has shown that inadequate protein intake may contribute to age-related bone loss
(Mardon, et ah, 2008).
Higher protein intake, on the other hand, may increase calcium excretion from the
kidneys (Feskanich, Willett, Stampfer, & Colditz, 1996) and then increase risk of fracture.
One study estimated that a two-fold increase of protein intake may increase urinary calcium
by around 50% (Heaney & Layman, 2008). Interestingly, another study found that when
protein intake was increased from 0.7 to 2.1 g/kg per day, urinary calcium increased, but
intestinal absorption increased as well among healthy adults (Kerstetter, et ah, 2003).
However, another study of 191 nuns who were followed over a 20 year period, found that
protein intake ranging from 0.41 to 1.96 g/kg had no effect on calcium absorption
efficiency (Heaney, 2000). In cohort studies (Dargent-Molina, et ah, 2008; Feskanich, et ah,
1996; Munger, et ah, 1999), higher protein intake has been shown to increase the risk of
fracture. Feskanich, et ah, (1996) found a significant increase in fracture risk in women,
aged 35-59 years with protein intake more than 95 g/day.
To the contrary, the beneficial effect of higher protein intake on increasing femoral
neck BMD and muscle strength was observed in hospital patients with recent hip fracture
(Schurch, et ah, 1998), as was the beneficial effect of protein supplements on reducing
10

bone loss and increasing IGF-1 (Ginty, 2003). In observational studies, a positive
association between dietary protein intake (mean intake between 68 to 79 g/d) and
increased bone mineral density (Wengreen, et al, 2004) or decreased risk of hip fracture
(Munger, et al., 1999) or less bone loss (Dawson-Hughes & Harris, 2002; Hannan, et al.,
2000; Promislow, Goodman-Gruen, Slymen, & Barrett-Connor, 2002) was observed
among postmenopausal women.
c. Protein Sources—Animal Protein vs. Plant-Based Protein Protein has
been a focus of bone health research for many years. Researchers have looked at protein’s
effects on fracture and bone mineral density (BMD). Protein has been discussed both at the
food group level and at the nutrient level. Some studies have reported the effect of animal
protein only on bone health (Hannan, et al., 2000; Meyer, Pedersen, Loken, & Tverdal,
1997), while others have considered both animal protein and vegetable protein (Munger, et
al., 1999; Promislow, et al., 2002; Sebastian, Sellmeyer, Stone, & Cummings, 2001). The
results have been inconsistent. (Studies and their effects are complied in Table 2.2-2.4)
Animal proteins may have a greater detrimental effect on bone health than does
vegetable source proteins because they contain larger amounts of sulfur-containing amino
acids. In 1992, an ecological study (Abelow, Holford, & Insogna, 1992) reported an
association between animal protein intake and hip fracture rates in 16 countries around the
world. They found that those with the highest meat, fish, egg, and dairy product
consumption had the most fractures. Another cross-cultural ecological study (Frassetto,
Todd, Morris, & Sebastian, 2000) reported a direct association between per capita total and
animal protein consumption and rate of hip fracture. In the study, both vegetable and
animal foods were taken into consideration to obtain the net rate of endogenous acid
11

production. They found that animal protein intake exceeded vegetable protein intake
among countries with the highest tertile of hip fracture incidence.
Several prospective studies have found that protein from animal products may
stimulate bone breakdown and encourage calcium loss from the body. A 12-year follow-up
of 85,900 women aged 35-59 in the Nurse’s Health Study (Feskanich, et ah, 1996) found
harmful effects of animal protein on forearm fracture among women who consumed more
than 70 g of animal protein per day or five or more servings of red meat per week, but no
association was found with vegetable protein.
In a prospective study of middle-aged Norwegian males and females (aged 35-49
years at baseline), the authors, Meyer, et ah, (1997) found women in the lowest quartile of
Ca intake and highest quartile of non-dairy animal protein intake had an elevated risk of
fracture compared to the three lower quartiles of protein intake and the three higher
quartiles of calcium intake (RR=1.96 with 95% C.I. 1.09, 3.56).
Also, a positive association has been reported between the ratio of animal to
vegetable protein and hip fractures. Elderly white women (aged > 65 years) in the highest
quintile of the ratio of animal to vegetable protein intake had a significantly increased risk
of hip fracture (RR:=3.7, p=0.04) and bone loss (p=0.02) relative to women in the lowest
quintile (Sellmeyer, Stone, Sebastian, & Cummings, 2001).
Conversely, a protective effect of high animal protein intake on risk of bone
fracture has been found in some prospective studies. In the Iowa Women’s Health Study
(Munger, et al., 1999), a decrease in age-adjusted hip fracture risk was reported with each
increasing quartile of animal protein consumption in a multivariable model (p for trend =
0.037). Similar findings were seen in the Rancho Bernardo Study (Promislow, et ah, 2002),
12

with a high animal protein intake appearing to have a protective effect against bone loss in
women, but not in men. In the Framingham Osteoporosis Study (Hannan, et ah, 2000), both
men and women in the lowest quartile of percentage protein intake showed the greatest
BMD losses in the femur and spine (P = 0.04), and a lower percentage of animal protein
was also significantly related to bone loss in the femur and spine (both p <0.01).
In an ecologic study (Frassetto, et ah, 2000) reported an inverse association between
per capita vegetable protein consumption and rate of hip fracture. In a cohort study of 1,035
Caucasian women aged more than 65 years old, Sellmeyer et ah, (2001) reported that high
vegetable protein intake decreased the risk of hip fracture by 70%. Similarly, an earlier
cohort study among 1,865 California Adventist women who were followed for 25 years,
found a reduction in risk of wrist fractures (WF) with increasing vegetable protein intake
among vegetarians and meat intake among non-vegetarians (D. L. Thorpe, Knutsen,
Lawrence Beeson, Rajaram, & Fraser, 2007, 2008). Increasing levels of plant-based highprotein foods decreased WF risk (hazard ratio (HR) = 0.32 with 95% C.I. 0.13-0.79) in the
highest vegetable protein intake group vs. the lowest.
However, others have found a harmful effect of vegetable protein consumption on
hip fracture risk (Munger, et ah, 1999) or bone mineral density (Promislow, et ah, 2002). In
the Iowa Women’s Health Study (Munger, et ah, 1999), subjects with the highest quartile
(> 3.28 g/MJ) of vegetable protein consumption had the highest risk of age-adjusted hip
fracture (RR = 2.24 with 95% C.I. 0.92, 5.40) compared to those with lowest (<2.51 g/MJ)
vegetable protein intake among 32,050 postmenopausal women aged 55 -69. However, an
inverse correlation between vegetable protein and total protein was observed in this
population. In a 4-year follow-up of 572 women, aged 55-92 in the Rancho Bernardo Study
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(Promislow, et al., 2002), a higher intake of vegetable protein intake (mean (SD) = 22.7
(9.3) g/day) was associated with a decrease in bone mineral density at the hip after
adjustment for age and body mass index despite a positive correlation between vegetable
protein with animal (r = 0.42) and total (r = 0.70) protein consumption.
d. Protein and Ca Interaction The effect of protein on bone health may
depend on calcium intake (Dargent-Molina, et al., 2008; Dawson-Hughes & Harris, 2002;
Feskanich, et al., 1996; Meyer, et al., 1997; Promislow, et al., 2002). Research has shown
that a beneficial effect of protein is observed when Ca intake is high. In the Nurse’s Health
Study (Feskanich, et al., 1996), women with a high protein (>95 g/d) and high Ca (> 827
mg/d) diet had a lower risk of fracture than women with high protein and low Ca intake
(<531 mg/d). In a three-year clinical trial of 342 healthy US men and women, the
protective effect of higher protein intake on change in BMD was seen in elderly subjects
with calcium and vitamin D supplementation but not in the non-supplemented group
(Dawson-Hughes & Harris, 2002). However, others have found the relationship between
protein and bone health among subjects is stronger when Ca intakes is low. Promislow et
al., ( 2002) found that protein intake increased BMD at low levels of Ca intake among
postmenopausal women. However, Meyer et al., (1997) found the opposite in that higher
non-dairy animal protein intakes increased the risk of hip fracture when Ca intake was less
than 435 mg/d in peri-menopausal women in Norwegian counties. A similar finding of
adverse effects of total protein intake on fracture risk when Ca intake was less than 400
mg/1000 kcal was found in post-menopausal French women (Dargent-Molina, et al., 2008).
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3. Calcium (Ca)
Bones mainly consist of calcium phosphate (39%) (Martini, 2006). Ca is
important for bone growth during childhood and puberty and maintains bone density during
adulthood. However, the body cannot produce Ca by itself and needs to get it from other
sources, such as milk, cheese, vegetables or supplements. Many plant food sources, such as
leafy green vegetables, including spinach, kale, broccoli and soy bean also contain a high
amount of calcium. A protective effect of Ca from food sources such as milk, cheese or
supplements, on BMD (Macdonald, New, Golden, Campbell, & Reid, 2004; Prentice,
2004), osteoporosis (Shea, et al., 2002) and hip fracture (Gumming & Nevitt, 1997) have
been observed. The protective effect of dietary Ca on fractures was observed among
postmenopausal women in meta-analysis of 16 observational studies (Gumming & Nevitt,
1997). In line with these findings, the Center for Disease Control and Prevention (CDC)
recommends that adults consume at least 1000 mg/day of calcium to maintain bone health
(Calcium and Bone Health, 2008). Further, the Food and Drug Administration (FDA) in the
US has permitted a bone health claim for calcium-rich foods (FDA Updates Health Claim
for Calcium and Osteoporosis, 2007). However, a recent meta-analysis found no
convincing evidence that calcium intake from diet and/or supplements is significantly
associated with hip fracture risk in middle-aged or older women and men in either
prospective cohort studies or randomized controlled trials (RCT) (Bischoff-Ferrari, et al.,
2007).
4. Phosphorus (P)
Phosphorus is also an essential bone forming element. Reports of a
correlation between phosphorous intake and BMD are inconsistent. Animal studies have
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found that high dietary phosphate intake results in reduced growth, skeletal material, and
structural properties and decreased bone strength in growing male rats (Huttunen, et ah,
2007). It is believed that high dietary phosphate intake also could influence bones through
calcium metabolism and parathyroid hormone (PTH). The relative intake of P to Ca may be
important and research has shown that a low Ca:P ratio is associated with increased bone
turnover (Brot, Jorgensen, Madsen, Jensen, & Sorensen, 1999). This may be because
excessive intake of phosphorus limits calcium absorption and also induces
hyperparathyroidism (Karkkainen & Lamberg-Allardt, 1996).
5. Vitamin D
Vitamin D stimulates intestinal absorption of Ca and P, increases bone
formation and mineralization and increases renal resorption of Ca and P. Vitamin D helps
in the absorption of calcium (the biosynthesis of calcium-binding protein calbindin D9k is
dependent on vitamin D (Cashman, 2007)). Vitamin D affects bone health not only by
promoting calcium absorption, but also by influencing bone cell differentiation and activity
(Heaney, et ah, 2005). Vitamin D is obtained mainly by endogenous synthesis in the skin
when exposed to sunlight or from food and supplements. Evidence exists that serum
25(OH) D is inversely associated with falls and positively associated with BMD, and
inconsistent evidence has been found for an association with fractures in older adults
(Cranney, et ah, 2007). In clinical trials, the results of consuming vitamin D supplements
with or without Ca for preventing fracture are inconsistent. Increasing vitamin D
supplementation alone had a protective effect (RR = 0.81 with 95% Cl 0.48, 1.34) on nonvertebral fracture in post-menopausal women in a meta-analysis of randomized clinical
trials (RTC) (Jackson, Gaugris, Sen, & Hosking, 2007). A meta-analysis of double-blind
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RCTs found that oral vitamin D supplementation between 700 and 800 lU/d appears to
reduce the risk of hip fracture by 26% (Bischoff-Ferrari, et ah, 2005). Boonen et ah, (2007)
suggested that oral vitamin D appears to reduce the risk of hip fractures only when calcium
supplementation is added. Brot el ah, (1999) found that elevated levels of l,25-(OH)2D
were associated with decreased bone mineral density among peri-menopausal women in a
cross-sectional study.
6. Isoflavones
Soy intake has been proposed as beneficial for bone health due to its
isoflavone content. Several biological mechanism have been proposed for the effect of soy
on bone health: inhibiting bone resorption (Viereck, et ah, 2002), stimulating bone
formation, increasing insulin like growth hormone factor 1 (IGF-1) synthesis (Arjmandi, et
ah, 2003) or increasing calcium absorption (Spence, et ah, 2005). Most observational
studies, however, have been cross-sectional studies conducted in Asian countries such as
Japan (Horiuchi, Onouchi, Takahashi, Ito, & Orimo, 2000; Somekawa, Chiguchi, Ishibashi,
& Aso, 2001; Tsuchida, Mizushima, Toba, & Soda, 1999) and China (Ho, et ah, 2003; Mei,
Yeung, & Kung, 2001). Most of studies investigated the relationship between dietary soy
intake and bone health by measuring BMD, bone mineral content, urinary bone resorption
or formation marker as outcome, not fracture (Kritz-Silverstein & Goodman-Gruen, 2002).
All these studies found a significant protective effect of dietary soy intake on bone health.
A negative association between dietary soy intake and loss of BMD was observed in post
menopausal women in Asian countries (Horiuchi, et ah, 2000; Mei, et ah, 2001), but results
were inconsistent in the pre-menopausal women (Mei, et ah, 2001; Tsuchida, et ah, 1999).
However, the results of the Women’s Health Across the Nation study (SWAN) (Greendale,
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et al., 2002) show that pre-menopausal, not peri-menopausal, Japanese women with higher
genistein intake, one component of isoflavone, had higher spine and femoral neck BMD.
In 2005, the first cohort study of dietary soy intake and bone fracture was conducted
in post-menopausal Chinese women (Zhang, et al., 2005). The multivariate relative risks of
fracture comparing the extreme quintiles of soy protein intake (^13.27 g/d vs. <4.98 g/d)
were 0.52 with a 95% confidence interval of 0.38 to 0.70 for women within 10 years of
menopause and 0.71 (95% C.I. 0.53, 0.89) for late postmenopausal women. Similar results
were found for intake of isoflavones.
Results of clinical trials (Arjmandi, et al., 2003; Kreijkamp-Kaspers, et al., 2004;
Setchell & Lydeking-Olsen, 2003) have been inconsistent. For the studies finding a
protective effect of soy isoflavone on BMD or markers of bone turnover, the study duration
was short, from three months to one year, and very high doses of soy isoflavone (ranging
from 56 to 90 mg/day) were used, which is much higher than what typically can be
ingested in the diet. The mean value of isoflavone content from dietary soy intake from a
cohort study in China (Zhang, et al., 2005), the country with the highest soy intake, was 38
mg/day, which is much lower than the dosage in those clinical trials.
7. Fruits, Vegetables and Relative Minerals and Vitamins
In 1968, Wachman & Bernstein (1968) hypothesized that bone mineral
functions as a buffered alkaline environment. Fruits and vegetables are major sources of
potassium, magnesium, and vitamins K and C, which are important for bone structure,
formation and function. These foods also contribute metabolic alkaline anions, which could
provide alkaline buffering to balance metabolic acids from high meat intake. (Studies and
their effect are complied in Table 2.5)
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a. Potassium (K) Potassium, of which vegetables and fruits are important
sources, is alkaline and could balance excess acidity and reduce bone turnover
(Michaelsson, Holmberg, Mallmin, Sorensen, et al., 1995; New, et al., 2000; Tucker, et ah,
1999). The protective effect of potassium on bone health could operate through this
mechanism. Metabolic studies have shown that potassium administration promotes renal
calcium retention, whereas low potassium intake increases the daily and fasting urinary
calcium excretion rate. The addition of oral potassium citrate to a high-salt diet prevented
increased excretion of calcium in the urine and the bone resorption marker caused by a high
salt intake (Sellmeyer, Schloetter, & Sebastian, 2002).
Cross-sectional associations between potassium intake and BMD have been
reported both in the Framingham Heart Study of post-menopausal women (Tucker, et al.,
1999), in Swedish women aged 28-74 years (Michaelsson, Holmberg, Mallmin, Wolk, et
al., 1995) and in pre-menopausal Scottish women aged 45-49 years (New, Bolton-Smith,
Grubb, & Reid, 1997). In a cross-sectional study of Scotland women aged 45-55, higher
intake of potassium was negatively correlated with urinary pyridinoline excretion, which is
an index of bone resorption and positively correlated with total forearm BMD (New, et al.,
2000). In the Framingham Heart Study (Tucker, et al., 1999), a greater BMD loss over a
four-year period was significantly associated with lower potassium intake in elderly men
only but not in post-menopausal women.
In one clinical trial, potassium citrate supplementation did not reduce bone turnover
or increase BMD among post-menopausal Scotland women in a two-year follow up
(Macdonald, et al., 2008). However, a protective effect of combined treatment with
potassium citrate and calcium citrate on bone health was observed. This treatment
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inhibited bone resorption by providing an alkaline load and increasing absorbed calcium in
post-menopausal US women aged 48 - 76 years (Sakhaee, Maalouf, Abrams, & Pak, 2005).
b. Magnesium (Mg) Mg is important in bone crystal growth and
stabilization, in the calcium metabolism/vitamin D-PTH hormone axis and in contribution
to an alkaline environment. The main sources of Mg are vegetables such as spinach,
unrefined grains, legumes and nuts. Higher intakes of Mg are associated with higher BMD
in several cross-sectional studies among pre- (New, et ah, 1997), peri- (New, et ah, 2000)
and post- (Tucker, et ah, 1999) menopausal women. Its relationship with the risk of
fracture has also been investigated. Yaegashi et ah, (2008) found that there was an inverse
correlation between hip fracture incidence and estimated Mg intake after adjusting for
estimated Ca intake in both men and women in a Japanese ecological study. A reduction of
BMD loss has been observed in several cohort studies (Macdonald, et ah, 2004; Tucker, et
ah, 1999) among peri- and postmenopausal women with higher Mg intake relative to those
with lower Mg intake.
c. Vitamin K Vitamin K could be a cofactor in the carboxylation of
osteocalcin and may be involved in bone metabolism (Bugel, 2008). Phylloquinone
(vitamin Kl) is found in higher amounts in plants and algae, with the highest concentration
in green leafy vegetables. Menaquinones (K2) are found in liver, cheeses, and fermented
soybean products (natto and miso). An ecological study in Japan (Yaegashi, et ah, 2008)
showed a significant negative correlation between vitamin K intake and hip fracture
incidence. Two large studies have shown a positive relationship between vitamin K intake
and bone health. In the Nurses' Health Study cohort (Feskanich, et ah, 1999), a 30%
increase of hip fracture risk was observed in 72,327 women aged 38 - 63 years with intake
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of < 109 [i g/day of vitamin K compared with those women with higher intake. In the
Framingham Heart Study (Booth, et ah, 2003), a significantly lower BMD in the femoral
neck was observed in women with lower vitamin K intake (70 ji g/day) compared to those
with the highest intake (309 ji g/day). Also, a positive association between plasma
phylloquinone (Kl) concentration and BMD was observed in post-menopausal women not
taking estrogen replacement, but was not seen in pre-menopausal women or post
menopausal women taking estrogen replacement (Booth, et al., 2004). Most clinical trials
of vitamin K intake have used biomarkers for bone formation and bone resorption as end
points (Bugel, 2008; Shea & Booth, 2008), and the results are inconsistent. There were no
differences in BMD loss at the femoral neck between those who received 500 mg/day
phylloquinone (Kl) with calcium and vitamin D for three years compared to those who
received calcium and vitamin D alone among post-menopausal women not taking HRT
and men in the clinical trial (Booth, et al., 2008).
D. The Effect of Physical Activity on Bone Health
Physical activity (PA) is a safe way to improve bone health. The American College
of Sports Medicine’s (ACSM) position on physical activity and bone health recommends 35 times per week of regular weight-bearing endurance activities or 30-60 min per day of a
combination of weight-bearing activities and activities that involve jumping and resistance
exercise for preserving bone mass during adulthood and old age (Kohrt, Bloomfield, Little,
Nelson & Yingling, et al., 2004). Bone health is responsive to both mechanical and
metabolic stimulation, and PA can provide both types of stimulation. Mechanical strain is
based on-“Wolff s Law” theory on bone transformation, published by Julius Wolff (1986),
which suggests that bone adapts to mechanical loads to produce structures best fit to
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counter those stresses. In order to induce skeletal adaptation, mechanical forces must
exceed a strain threshold (minimum effect strain (MES)), which was identified by Frost
(1987). Mechanical forces of about 6% of the normal fracture strain threshold would
stimulate uncoupling of bone remodeling (Frost, 1991). Mechanical strain lower than this
threshold is said to be in the physiological loading zone in which bone multicellular unit
activities remain balanced. In the very low range of mechanical strain (< 0.8% of the
fracture strain threshold), for example during immobilization or bed rest, bone remolding
uncouples in favor of resorption and bone loss results. An activity such as jumping could
generate forces of three or four times body weight in pre- and post-menopausal women and
produce mechanical forces above the MES needed to enhance BMD (Bassey, Rothwell,
Littlewood, & Pye, 1998).
In addition to putting mechanical stress on bones, PA may also generate metabolic
stress on bone remodeling through endocrine and metabolic pathways. The primary
endocrine response to PA is the stimulation of growth hormone (GH) release from the
pituitary when metabolic stress is achieved. This GH response to PA is influenced by the
intensity, duration, work output and the amount of muscle mass. Briefly, the lowest
intensity of exercise which could stimulate a GH response is at 10 - 15% of maximum O2
consumption after 60 min and after as little as 20 min at 70 - 80% of the maximum O2
consumption (Murphy & Carroll, 2003). The second endocrine and metabolic response to
PA occurs when exercise is above the anaerobic threshold, at which GH responses occur
after only 10 min. When lactic acid begins to accumulate, a sequence of biological
reactions occurs: blood pH decreases, reabsorption of Ca is reduced, blood Ca is reduced
and parathyroid hormone (PTH) is secreted at the onset of hypocalcaemia. When PTH
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secretion is maintained, osteoclast cell activity is increased. However, the intermittent PTH
administration has been shown to stimulate bone formation in animal studies (Whitfield, et
ah, 1996). Research has found that prolonged PA (Salvesen, et al., 1994) and incremental
exercise until exhaustion (Brahm, Piehl-Aulin, & Ljunghall, 1997) increased PTH secretion,
and anaerobic exercise decreases PTH and calcium concentrations immediately after
exercise (Takada, Washino, Nagashima, & Iwata, 1998). In addition, people with previous
hyperthyroidism had a 70% increased risk of hip fracture (Cummings, et al., 1995).
Two types of exercises are important for building and maintaining bone mass and
density: 1) weight-bearing exercises, such as walking, running, weight training and
aerobics exercise, in which bones and muscles work against gravity and 2) resistance
training, which uses muscular strengthening to improve muscle mass and strengthen bone
(Siegrist, 2008). The exercise response is curvilinear; i.e., the greatest gains will be seen in
those who are least active, and the effect is attenuated for more active individuals (Murphy
& Carroll, 2003).
1. Physical Activity and Bone Mineral Density (BMD)
Bone mineral density (BMD) is an important factor related to fracture risk in
general. An increase in 0.1 g/cm2 (one SD in this study) of calcaneal BMD has been
estimated to reduce the fracture incidence by 60% (Cummings, et al., 1995). The
association between physical activity and bone mineral density is inconsistent.
In a cross-sectional study, long-term weight-bearing exercise (e.g. running) and
resistance training had a positive effect on BMD in physically active men (Rector, Rogers,
Ruebel, Widzer, & Hinton, 2009). Many intervention trials have been conducted to test the
preventive effect of PA on bone health. The effect of exercise on BMD change varies with
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different exercise programs, ranging from - 6.6 % to +10.2% among studies reported in a
meta-analysis of randomized controlled trials (RCTs) and non-randomized controlled trials
(CT) (I. Wolff, van Croonenborg, Kemper, Kostense, & Twisk, 1999). An inconsistency
effect of PA on BMD was observed among different PA programs with different durations,
sites of BMD measurement and target populations (e.g. peri- and/or post-menopausal
women). Among post-menopausal women, a protective effect of PA on BMD was
observed in a short-term (7 months) exercise program with intensity above the anaerobic
threshold (AT) (Hatori, et ah, 1993). The Erlangen Fitness Osteoporosis Prevention Study
(EFOPS) found that a high intensity-exercise training program two times per week for 38
months (Kemmler, et ah, 2007; Kemmler, et al., 2005) improved hip BMD. Kelley et ah,
(1998) reported beneficial effects of aerobic exercise, strength training and resistance
training on hip BMD among women not receiving hormone replacement therapy. However,
when limiting the form of exercise to walking, regular walking had no significant effect on
preservation of BMD at the spine in post-menopausal women, while significant positive
effects were observed at the femoral neck (Martyn-St James & Carroll, 2008). Moreover,
some researchers have found a protective effect of PA in pre-menopausal women, but not
in post-menopausal women. In a five-month trial of a high impact exercise (jumping)
program, there was a significant increase in femoral BMD in pre-menopausal women, but
not in post-menopausal women (Bassey, et al., 1998). Another meta-analysis of a highintensity progressive resistance training program was shown to be efficacious in increasing
absolute BMD at the lumbar spine (p < 0.00001), but not the femoral neck (p = 0.78) in
pre-menopausal women (Martyn-St James & Carroll, 2006).
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2. Physical Activity and Fall Risk (Muscle Mass, Muscle Strength and Balance)
Most fractures occur as a result of a fall, and five percent of falls cause hip
fracture (Nachreiner, Findorff, Wyman, & McCarthy, 2007). Thus, strategies to reduce the
number of falls would reduce the number of fractures, especially in elderly people
(Jarvinen, Sievanen, Khan, Heinonen, & Kannus, 2008). The effects of different types of
physical activities on risk of hip fracture have been observed in many clinical trials and are
in part mediated through increasing muscle mass, muscle strength and balance which
reduces the risk of falls, an important determinant of hip fracture in elderly people
(Karlsson, Nordqvist, & Karlsson, 2008; Nelson, et al., 1994; Tinetti, 2003). A 20-week
clinical trial of regular weight-bearing exercises using a workstation found significantly
better performances in balance and in strength of hip muscle in the intervention group for
osteopenic women aged 41-78 years (Hourigan, et al., 2008). Similarly, functional ability
is associated with reduced risk of hip fracture. In an eight-year prospective cohort study of
2,928 post-menopausal women in Finland, it was found that those with a reduced ability to
stand on one foot (< 10 seconds) had nine times the risk of experiencing a hip fracture
compared to those standing on one foot for 10 seconds or more (Karkkainen, et al., 2008).
In the Cochrane Review (Gillespie, et al., 2009), an average 20% reduction in the rate of
falling was found in a program of muscle strengthening and balance retraining in three
clinical trials, and the risk of falling was reduced by 49% in a 15-week Tai Chi group
exercise intervention program (Wolf, et al., 1996). However, studies also show that
physical activity could increase the risk of falls during exercise sessions for those
individuals who are sick, very physically inactive or very physically active (O'Loughlin,
Robitaille, Boivin, & Suissa, 1993).
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3. Physical Activity and Fracture
The effects of different types, amounts and intensities of physical activity on
fracture have been observed among men and women (Paganini-Hill, Chao, Ross, &
Henderson, 1991), young and old people, and in experimental and observational studies. In
the Nurse’s Health Study cohort (Feskanich, Willett, & Colditz, 2002), the relative risk of
hip fracture was reduced by 6% among those who walked for one hour per week. Women
who walked for 4 hours per week or more had a 41% lower risk of hip fracture (RR = 0.59;
95% C.I.: 0.37, 0.94) compared with those walking less than one hour per week. A
prospective study (Cummings, et al., 1995) of 9,516 white women aged 65 or older
reported a 30% lower risk of hip fracture among those who walked regularly for exercise
compared to those who did not walk regularly. Park et al., (2007) reported that older
Japanese women with a mean of 3,523 and 6,165 steps per day were 8.4 to 4.9 times more
likely to experience fractures than those walking > 8,200 steps/day. In the cohort study of
Osteoporotic Fractures (SOF) (Gregg, Cauley, Seeley, Ensrud, & Bauer, 1998), several
exercise indices were associated with hip fracture. Each increasing quintile of total
physical activity (kcal/wk), moderate to vigorous activity intensity and fewer hours spent
sitting per day were associated with a reduced relative risk for hip fracture among women
65 years of age or older. (Studies and their effects are complied in Table 2.6-2.9)
4. Interaction Between Physical Activity and Calcium Intake
Some studies have shown that physical activity and Ca do not act
independently of each other. The beneficial effect of increased physical activity on bone
turnover will be observed only if there is sufficient Ca available. A review of 17 trials
showed that physical activity has beneficial effects on BMD at high calcium intakes
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( >1000 mg/day), with no effect at mean Ca intakes of less than 1000 mg/day among the
majority of female participants aged 30 - 72 years (B. L. Specker, 1996). Kelley et al.
(1998) found a significantly larger effect size of PA for subgroups of post-menopausal
women with higher Ca intakes (>1,000 mg/day) than for those with Ca intakes lower than
1,000 mg/day. A similar PA and Ca interaction effect was found in clinical trials among
children (luliano-Bums, Saxon, Naughton, Gibbons, & Bass, 2003; B. Specker & Binkley,
2003). However, a cross-sectional study in Scottish post-menopausal women found that
increased PA is more effective in a population with low/medium Ca intake (Mavroeidi,
Stewart, Reid, & Macdonald, 2009). On the other hand, in the absence of weight-bearing
activity, nutritional or endocrine interventions cannot maintain bone mass (Murphy &
Carroll, 2003).
5. Interaction Between Physical Activity and Protein Intake
Resistance-training-induced improvements in body composition, muscle
strength and size, and physical functioning are not enhanced when older people who
habitually consume adequate protein (modestly above the RDA) increase their protein
intake by either increasing the ingestion of higher-protein foods or consuming proteinenriched nutritional supplements (Campbell & Leidy, 2007).
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Table 2.1 The Effect of Vegetarian (veg) and Non-Vegetarian (non-veg) Diets on BMD
Year / Author Study population/design
postmenopausal Michigan
1988 Marsh
women

Results
Less bone mineral: lactoovovegetarian < omnivores
sulfur intake of a fixed dieff -> urine titratable acidity!

146 Methodist omnivores
(Omni) (age 46-92 y)
144 SDA vegetarians (veg)
(age 47-98 y)
27 vegetarian
37 non-vegetarian
premenopausal women

BMC/BW: Omni vs. veg->NS
current or early dietary intakes vs. BMC/BW ->NS in both groups

1992 Tesar

28 Vegetarians
28 omnivores
(aged 55-75 y)

BMD at any site except the skull: veg vs. Omni-> NS
serum globulin and total protein-> veg > omni
Urine calci um and creatinine: veg vs. omni -> NS
Consume quantities of carbohydrate, fiber, Mg, ascorbic acid, copper,
carbohydrate% -> veg > omni
quantities of protein, niacin, alcohol, vitamin B-12, cholesterol, protein%
->veg < omni

1994 Reed

white women (mean age: 81 y)
49 SDA lacto-ovo vege.
140 omnivores (Omni)
5-y prospective study (19831998)

1) ABMD -> sig. over 5years with the annual BMD loss rates ~ 1% at
each site
2) BMD loss was independent of calcium intake
3) BMD loss: lacto-ovo. vs. omni. -> NS
4) lean body mass loss!
BMD loss !

1989 Hunt

1991 Lloyd

to
oo

Bone Densities: veg vs. non-veg. ->NS
Caffeine-> urinary calcium excretion! in both groups
Caffeine vs. BMD -*NS
Total fat, monosaturated fat, and oleic acid->luteinizing hormone! in
veg only.

Table 2.1 (cont) The Effect of Vegetarian (veg) and Non-Vegetarian (non-veg) Diet on BMD
Year /
Author
1997 Chiu

Study population/design

Results

258 vegetarian women
postmenopausal 40-87 years
Taiwan

Energy intake from protein^ lumbar spine BMD|
Cat -> BMD no change
Long-term (^15 yrs) practitioners of vegan vegetarian: Yes vs. No
-> | risk of exceeding lumbar spine fracture threshold (OR: 2.48, 95%
Cl: 1.03-5.96)
-> t risk of osteopenia of the femoral neck (3.94, 1.21-12.82).

1997 Parsons

93 (43 girls, 50 boys):
macrobiotic (vegan-type) diet
102 (60 girls, 42 boys): control
aged 9-15 years

BMC: veg. < control (in boys and girls), at the whole body, spine, femoral
neck, midshaft radius,
BMC at wrist: veg vs. control ->NS
Ca no effect on BMD change

1998 Barr

Canadian women (aged 20 40 y)
15 lacto-ovo-vegetarian + 8
vegan
22 nonvegetarian
1 year follow up
Chinese women (aged 70-89 y)
76 vegetarian
109 omnivorous volunteers
250 omnivorous subjects
cross-sectional survey

BMI, percent body fat, BMD: veg. < non-veg
BMD baseline predict by vitaminB12 and total body fat
ABMD over 1 year-> Non veg:|; Veg: no changed

to

so

1998 Lau

dietary calorie, protein and fat intake: veg < omni sub.
sodium/creatinine ratio: veg.> omni sub.
BMD at the spine: veg vs. omni volunteers-^ NS
BMD at the hip: veg < omni volunteers
BMD: 'vegans' and 'lactovegetarians'-> NS
energy, protein and calcium intakef ->BMD| in veg.
urinary sodium/creatinine levels.
BMD1

Table 2.1 (cont.) The Effect of Vegetarian (veg) and Non-Vegetarian (non-veg) Diet on BMD

o

Year / Author Study population/Design
2003 Siani
20 vegetarians
10 healthy omnivorous
match with age (34.78±15.07
years) & BMI

Results
BMC/BMD, fat mass, lean body mass, soft tissue: veg vs. omni-> NS

2005 Fontana

18 raw food (RF) vegetarian
18 control (American diet)
(age 54.2(11.5) y)
cross-sectional study

BMC/BMD at lumbar spine and hip: RF< Control
25-hydroxyvitamin D: RF > control
Serum C-reactive protein, insulin-like growth factor 1, leptin: RF<
Control

2007 Appleby
(EPICOxford)

7947 men 26,749 women
(aged 20 -89 years)
Meat, fish eater, vegetarian,
vegan
Cohort 5.2 yr follow up

Fracture: meat eater, fish eater and vegetarian^NS
Ca intakej
Fracture! in vegan

2008 Wang

Taiwanese adult men and
women
Vegetarian and non vegetarian

BMD! with age! in men
BMD! after 5O’s in women
BMD: veg. vs. non-veg -> NS in both sex
osteopenia or osteoporosis: veg. vs. non-veg -> NS in both sex

Cross sectional study
2009 HoPham

105 Mahayana Buddhist nuns
105 omnivorous women
(aged 50-85 y)
Cross sectional study

dietary calcium and protein: vegan<omnivores,
BMD at lumbar spine, femoral neck, whole body: vegans vs. omnivores->
NS

Table 2.2 The Effect of Protein Intake on BMD
Year
/ Author
2000
Hanna
(Framingham
Osteoporosis
Study)

Study
Design
Population
391 women Cohort study
+
4 year follow up
224 men
(aged 6891 yr)

Mean protein intake
(±SD)
Total protein
68±24 g/day

2001
Sellmeyer

1,035 white Cohort study
7 year follow up
women
aged >65 yr (7,291 personyr)

Protein
42±15.9 ~58.3±20.0
g/day
Animal protein
23.6±6.8~48.2±9.3 g/day
Vegetable protein
19.6±3.6~11.6±2.8 g/day

Animal/vegetable
protein:
H vs. L

BMD loss at femoral
neck:
0.78% vs. 2.7% sig

Exposure

Results

Protein|

BMD loss t at femoral
and spine site
BMD loss t at femoral
and spine site

Animal protein].

2001 Tucker 391 women
(Framingham + 224 men
Osteoporosis (aged 69Study)
97 yr)

Cohort study
4 year follow up

Protein 68±23.6 g/day

Total protein f
Animal protein j

BMD loss [
BMD loss i

342 women
and men
Aged ^65
yr

Cohort study
3 year follow up

Total protein
79.1 ± 25.6 g/d

Total protein |
(when with high Ca)
Animal protein

BMD loss l

2002
DawsonHughes

BMD loss =

Table 2.2 (cont.) The Effect of Protein Intake on BMD
Year
/ Author
2002
Promislow
(Rancho
Bernardo
Study)

Study
Design
Population
572 women Cohort study
Aged 55 - 4 year follow up
92 yr

Mean protein intake
(±SD)
Total protein
71.2±24.8 g/day
Animal protein
48.5±19.4 g/day
Vegetable protein
22.7±9.3 g/day

Exposure

Results

Protein | 15 g/d
Animal protein^ 15
g/d

t BMD at hip and total
hip
t BMD at hip (0.018
g/cm2), femoral neck
(0.012 g/cm2), spine
(0.015 g/cm2), total body
(0.010 g/cm2)
jBMD at hip (-0.010
g/cm2), femoral neck (0.008 g/cm2), spine (0.015 g/cm2), total body
(-0.004 g/cm2)

Vegetable protein f
5g/d

to

Benefit effect of total
protein be more positive
when Ca low
2003

Ilich

136
Caucasian
women
(aged
68.7±7.1)

Cross sectional

70.8±18.8 g/day

Protein f

BMD f at total body,
Ward’s hand

Table 2.3 The Effect of Protein Intake on Fracture in Ecological/Case Control Studies
Year
/ Author

Study
Population

Mean protein
intake

Exposure

Results

(±SD)

1992
Abelow

34 studies
in 34 countries

2000
Frassetto

33 countries
women aged
50+

OJ

2004

Wengreen

Ecological studies
Animal protein^

Total protein f
Animal protein f
Vegetable protein f
Vegetable/animal protein f

Case control study
Total Protein f
1,167 cases
Case vs. control
(831 women + Total protein
Q2 vs. Q1
336 men)
39+6.5 vs. 39.6+6.5
Q3 vs. Q1
1,334 control
Animal protein
Q4 vs. Q1
(885 women + 25.1+7 vs. 25.3+7.2
* only observed in aged 50 Vegetable protein
449 men)
69 yr not in aged 70 -89 yr
Aged 50-89 yr 13.9+2.7vs.l4.1+2.6

^fracture

Hip fracture | ( r = 0.67 sig)
Hip fracture | (r = 0.82 sig)
Hip fracture j (r = - 0.37 sig)
Hip fracture j, (r = - 0.84 sig)

Hip fracture^
OR = 0.51 (0.30, 0.87)
OR= 0.53 (0.31,0.89)
OR = 0.35 (0.21, 0.59) trend sig

Table 2.4 The Effect of Protein Intake on Fracture in Cohort Studies
Year
/ Author

Study
Population

Follow
up

1996
Feskanich
(Nurse Health
study)

85,900
Women
Aged 35
59 yr

12 years
931,512
personyr

1997
Meyer

19,752
Women
Aged 35 49 yr

11.4
years

Mean protein
intake
(*SD)
10th ~90th
percentiles
Total protein
50-119 g/day
Animal protein
37-100 g/day

Exposure

Results

Protein 95 g/d vs. <68 g/d

^forearm
RR=1.22 (1.04, 1.43), trend sig
I forearm
RR=1.23 (1.01, 150), trend sig
fforearm
RR=1.25 (1.07, 1.46), NS

Non dairy animal
protein (quartiles):
13.6, 16.9, 20.6
g/day

Non dairy animal protein!
13.6- 16.9 g/day vs. <13.6
g/day
16.9 - 20.6 g/day vs. <13.6
g/day
> 20.6 g/day vs. <13.6 g/day

4^

read meat: 5+/wk vs. <l/wk
animal protein: >70g/d vs. <51
g/d
vegetable protein

hip fracture!
RR = 0.8 (0.51, 1.24)
RR = 0.68 (0.43, 1.09)
RR = 0.64 (0.62, 1.49)

hip fracturef: 1.96 (1.09, 3.56)

1999
Munger
(Iowa
Women’s
Health Study)

32,050
Women
Aged 55 69 yr)

104,338
personyr

Total protein
(quartiles):
9.56, 10.78, 12.05
g/MJ
Animal protein
6.48, 7.82, 9.26
g/MJ
Vegetable protein
2.51, 288, 3.28 g/MJ

With Low Ca (<435 mg/d)
Non dairy animal protein!
Q4 vs. Q3-1
Total protein !
Animal protein !
6.48-7.82 g/MJ vs. <6.48 g/MJ
7.82-9.26 g/MJ vs. <6.48 g/MJ
>9.26 g/MJ vs. <6.48g/MJ
Vegetable protein!
2.51-2.88 g/MJ vs. <2.51 g/MJ
2.88-3.28 g/MJ vs. <2.51 g/MJ
>3.28 g/MJ vs. <2.51 g/MJ

Hip fracture RRJ, Trend sig
Hip fracture!
RR = 0.59 (0.26, 1.34)
RR = 0.63 (0.28, 1.42)
RR = .31 (0.10, 0.93), trend sig
Hip fracture !
RR= 1.15 (0.38, 3.42)
RR= 1.86 (0.69, 4.98)
RR = 1.92 (0.72, 5.11), trend NS

Table 2.4 (cont.) The Effect of Protein Intake on Fracture in Cohort Studies

U->

Year
/ Author
2001
Sellmeyer

Study
Population
1,035 white
women
aged >65 yr

Design

2008
DargentMolina

36,217
postmeno
pausal
women

8.37
years

Mean protein intake

Exposure

Results

Animal protein!: H vs. L
Vegetable protein!: H vs.
L
Animal/vegetable
protein!: H vs. L

Hip fracturef (RR = 2.7 sig)
Hip fracturej (RR = 0.3 sig)
Hip fracturef (RR = 3.7 sig)

Total protein! • H vs. L
When Ca < 400
mg/lOOOkcal

fracture!
RR = 1.51 (1.17, 1.94)

(±Sp)
7 years
Protein
7,291
42±15.9~58.3±20.0g/
person-yr d
Animal protein
23.6±6.8~48.2±9.3g/d
Vegetable protein
19.6±3.6~11.6±2.8g/d
No fracture vs.
fracture
Total protein
(g/lOOOkal/d)
45.7±7.3 vs. 46±7.6
Animal protein
28.4±8.7 vs. 28.8±8.9
Vegetable protein
12.2±3.1 vs. 12.1±3.2

Table 2.5 The Effect of Vegetables and Fruit Intake (Magnesium, Potassium and Vitamin K) on Bone Health (BMD)
Year / Author
1995
Michalesson

Study
Population/Design
175 Sweden women
(aged 28-74 yr)

Exposure

Outcome

Potassium |
Calcium

BMD|
BMD NS
Osteocalcin (bone turnover) NS
BMD|
BMD|

Protein/Carbohydrates |
1997 New

1999 Tucker
OJ

Cross sectional study

Fatf

994 healthy
premenopausal women
(aged 45-49 yr)

Zinc, Mg, Potassium, Fiberf
Zinc, Mg, Potassium, Fiber,
Vitamin C: L vs. H
Milk and fruit j

LS BMD t
LS BMD significant diff

Potassium f

BMD | for men and women
4 year BMD change j at hip for men only
BMD| at hip for men and at forearm for
women
4 year BMD change j at hip for men only
BMD | for men and women
4 year BMD change j at hip for men only

Cross sectional study
Framingham Heart Study
245 men 562 women
(aged 69-97 yr)

Magnesium |
Fruit and vegetable |

Cross-sectional study

2000 New

62 health women
(aged 45-55 yr)

Mg, potassium and alcohol^
fruitt
Mg explain

Cross-sectional study

Alcohol and potassium
explain

LS BMD and FT BMD J, in early adulthood

BMD |
BMD |
12.3% variation in pyridinoline excretion and
12% variation in deoxypyridinoline excretion
18.1% variation of forearm bone mass

Table 2.5 (cont.) The Effect of Vegetables and Fruit Intake (Magnesium, Potassium and Vitamin K) on Bone Health (BMD)
Year / Author
2001 Tucker
(Framingham
Osteoporosis
Study)
2002 Sellmeyer

2004 MacDonald

2005 Sakhalee

Study Population/Design
391 women + 224 men
(aged 68-91 yr)
Cohort study 4 year follow
up
60 postmenopausal women

Exposure
Mg|

Randomized controlled trial
over 4 weeks

Dietary Sodium chloride +
Potassium Citrate |

891 women
(aged 45-55 y at baseline)
(aged 50-59 y at follow-up)

calcium!
alcohol!
PUFA, MUFA, retinol and
vitamin E f
CA, vitamin C, Mg, and K|
CA, vitamin C, Mg!
potassium citrate
supplement
(4.3 g or 40 mmol/d)
calcium citrate supplement
(800 mg or 20 mmol/d)
Combined

Cohort study (5-7 yr follow)
18 postmenopausal women
(aged 48-76 yr)

Randomized controlled trial
(cross-over design)
over 8 weeks
2008 MacDonald

276 postmenopausal women
(aged 55-65 yr)
Randomized controlled trial
over 24 months

Kt
Dietary Sodium Chloride |

Potassium supplement

Outcome
Bone loss [ at femoral neck and trochanter
Bone loss j at femoral neck and trochanter

Urine calcium, N-telopeptidef,
Osteocalcin, PTH, and cAMP no change
urine calcium, N-telopeptide| caused by a
high salt intake].
Femoral neck BMD loss !
Lumbar spine BMD loss !
FN BMD loss!
FN BMD| (in pre menopausal)
change in FN BMD! (in Pre menopausal)
urinary calcium !, PTH and bone turnover NS
absorbed calcium! PTH and bone resorption!
urinary calcium!, sPTH!, provided a clear
alkali load,
bone resorption markers!: serum type I
collagen C-telopeptide and urinary Ntelopeptide
bone tumover/BMD loss^NS

Table 2.6 The Effect of Physical Activity on Bone Health (BMD) in Clinical Trials
Year /
Author
1991
Nelson

1993
Hotori

OJ

oo

1993
Martin

1995
Bassey

Study
population
Postmenopausal
US women (aged
60.2 ± 6.5 yr)
18 T +18 C
NRCT
Postmenopausal
Japanese women
9M
12 H
9C

Exercise Training

Length of study

Supplement

HRT

Results

Supervised walking at 75
80% HRmax
(wearing 3.1 kg weighted
belt after 4 wk)

50 mins/time
4 times/wk,
12 months

Ca:761mg/d
Ca:1462 mg/d

Yes

ABMD at lumbar
spine:
T vs. C ->
0.5% vs. 7.0% (sig)

M: Walking at 90% of the
HR at anaerobic threshold
(AT)
H: Walking at 110 % of the
HR at AT

30 mins/time
3 times/wk,
7 months

No

No

ABMD at lumbar
spine:
M: 1.1%*
H: -1.0%
C: -1.7%

Postmenopausal
US women
(aged 45 - 67 yr)
20M
16L
19C
Postmenopausal
UK women
20 T
24C

treadmill running at 70 85% HRmax

MAO mins/time
L: 45mins/time
3times/wk,
7 months

Ca 1000 mg/d

No

ABMD at lumbar
spine:
M: -0.48%
L: 0.81%
C: -0.61%

T: High impact exercise + 50
heel drops/day at home
C: Low impact exercise +
flexibility exercise at home

1 time/wk
12 months

T: 1110 mg/d
C: 1042 mg/d

No

ABMD
at lumbar spine:
T: -3.42% vs. C: 1%
at femoral neck:
T: 0.11 vs. C: -0.79

Table 2.6 (cont.) The Effect of Physical Activity on Bone Health (BMD) in Clinical Trials
Year/
Author
1997
Ebrahim

Study population

Exercise Training

Length of study

Supplement

HRT

Results

Postmenopausal
UK women
49 T (mean aged
66 yr)
48 C (mean aged
68 yr)

Brisk walking

40 mins/time,
3 days/wk,
24 months

No

No

BMD at femoral neck:
Tvs. C
-> -0.2% vs. -2.1% NS
Cumulative fall risk:
Tvs. C
71/100 vs. 54/100 sig

1998
Bassey

Pre- and post
menopausal
UK women
T 24
C22

vertical jumps of mean height
8.5 cm

6 days/week
12 months

Ca -1000
mg/d

Yes

Premenopausal
women
BMD femoral neck at
5 months:
T: 2.8% sig
Not in postmenopausal

2000
Bemben

Early
postmenopausal
US women (aged
41-60 yr)
10 HE
7 HR
8C
Early postmenoChinese women
67 T (aged 54.4
yr)
65 C (aged 53.6
yr)

HE: high-load (80%, 1repetition maximum (RM), 8
reps) resistance training
HR: high-repetition (40%, 1RM, 16 reps) resistance
training

60 mins/times,
3 times/wk,
6 months

1500 mg/d

No

BMD at spine or hip:
HE vs. HR vs. C-> NS
HE and HR->

Tai Chi Chun

45mins/time,
5 days/wk,
12 months

2004
Chan

bone loss], at distal
tibi: TCC (2.6 to 3.6
fold) < control

Table 2.6 (cont.) The Effect of Physical Activity on Bone Health (BMD) in Clinical Trials
Study population

Exercise Training

Length of study

Supplement

HRT

Results

Postmenopausal
Japanese women
32 T + 18 C
(aged 49-75 yr)
NRCT
German Women
48 T
30 C
(aged 48-60 yr)

Outdoor walking at 50%
V02max of at least 1
hr/day

>4days/wk,
12 months

No

Yes

>BMD at lumbar site:
T vs. C
-> 1.71 % vs. -1.92% sig

High intensity exercise
program

2 section/wk,
38 months

Ca
T: 1055
C: 971 NS

2006
Korpelainen

Finland Women
84 T
76 C
(aged 70-73 yr)

Weight bearing exercise
(Impact, balancing and
strengthening exercise)

30 months

2006
Wu

Postmenopausal
Japanese women:
32 C
32 T(walking+iso)
32 T (walking)
32 T (isoflavone)

Walking at 5 - 6 kph

45mins/day,
3 days/wk
6 months

2008
Hourigan

Osteopenic
Australian women:
50 T
48 C
(aged 41-78 yr)

Structured balance
training & weight bearing
exercise

Two 1 hr
session/wk
5 months

Year /
Author
2004
Yamazaki

2005
Kemmler

4^
O

75 mg/d
isoflavone

BMD: T vs. C
0.7% vs. -3.0% at
lumbar spine, sig
-> -0.7% vs -2.6% at
femoral neck, sig
Body sway: T < C:
leg strength, walking
speed, timed up and go
test score & distance
walked in 2 minsf: T > C
ABMD: T vs. C
-> no difference for 4
groups

Balance: T (10 - 71%) >
C
Hip muscle strength: T
(9%-23%) > C

Table 2.7 The Effect of Physical Activity on Bone Health (BMD) in Cohort Studies
Year / Author
1988 Sorock

Study Population
1,959 US women
(aged 73±5.3)

Period
4 yrs

Exercise type
Regular PA |
Walking at least one mile 3 times/week

Outcome
Hip fracture

RR (95%CI)
0.76 (0.50, 1.15)

1989 Farmer
(NHANES I)

3,595 US women
(aged 40-77 yr)

10 yrs

Recreation activity!
arm muscle area, triceps skinfold
thickness

Hip fracture

~ 2 (1.2, 3.2)

1991
Paganini-hill

8,600 US women
(aged 73)

4.3 yrs

> Ihr/day vs. <1/2 hr/day active
exercise

Hip fracture

0.6

1993 Meyer

25,298 Norwegian
women
(aged 35-64 yr)
9,516 US women
(aged72±5)

11 yrs

Leisure activity: median vs. inactive
Work: intense vs. sedentary

Hip fracture

0.69 (0.48, 1.01)
0.72 (0.45, 1.15)

4.1 yrs

Self report walking: walking for
exercise vs. no walking for exercise

Hip fracture

0.7 (0.5, 1.0)

1,014 US women
(mean age 73)

19 yrs

Current exercise
Lifelong exercise

BMD at hip
BMD at hip

| (with intensity)
t 4-7%

9,704 US women
(age>65)

7.6 yrs

Current activity level intensity:
Highest quintile (Moderately to
vigorously) vs. the least quintile
Very active (4th and 5th quintiles) vs.
the least active women (lowest quintile).
Moderately physical activity 2 - 4hr/wk
PA 2-4 hr/wk
sedentary level
PA >4 hr/wk -> sedentary level
Increase PA level

Hip fracture

4^

1995 Cummings

1995 Greendale
(Rancho
Bernardo study)
1998 Gregg

2001 Hoidrup

13,183 Danish
women
(age >20)

28 yrs

42%j

0.64 (0.45, 0.891)
Hip fracture

0.72 (0.59, 0.89)
2.19(1.00,4.84)
1.89(1.21,2.95)
NS

Table 2.7 (cont.) The Effect of Physical Activity on Bone Health (BMD) in Cohort Studies
Year / Author
2002 Feskanich
(Nurses' Health
Study)

Study Population
61,200 US women
(aged 40-77 yr)

Period Exercise type/Functional capacity
12 yrs <3 MET-h/wk (walk/leisure time
activity)
3 -8.9 MET-h/wk
9 - 14.9 MET-h/wk
15-23.9 MET-h/wk
>24 MET-h/wk

Outcome
Hip fracture

RR (95%CI)

Hip fracture

1.64(1.24, 2.17)

1.00
0.79 (0.60, 1.03)
0.67 (0.49, 0.92)
0.53 (0.37, 0.74)
0.45 (0.32, 0.63)
Trend sig in w/o
HRT
0.59 (0.37, 0.94)

Walk > 4 hr/wk vs. Ml hr/wk

4^
to

2007 Robbins
(Women's Health
Initiative)
2008 Karkkainen
(OSTPRE)

2008 Mavroeidi

93,676 US women
(aged 50-79)

7.6 yrs

PA inactive vs. ^12 MET-h/wk

2,928 Finnish
women
(aged 59.1±2.9)

8 yrs

Inability to stand on one foot for lOsec
Hip fracture
Decreased Grip strength
Self assessed ability to walk less than 10
m

9.11 (1.98, 42.00)
I.05 (1.01, 109)
II.57 (2.73,49.15)

1,254 Scottish
women
(aged 69.3±5.5)

2 yrs

Highest tertile of PA vs. lowest tertile
PA at medium Ca intake (1042±221
mg)

7.8%T LH BMD

BMD

Table 2.8 The Effect of Physical Activity on Bone Health (BMD) in Case Control/Cross Sectional Studies
Year/Author

Study population

Outcome

1992 Nieves

US women
Case: 161
Control: 168
(aged 50-103 yr)

Hip fracture

Canadian women
Case: 258
Control: 996
(aged 55-84 yr)

Hip fracture

1993 Jaglal

4^
OJ

Exercise type
Case Control Studies
Teenage of recreational activity
Q4(^4 times/week) vs. Q1 (<1 time/week)

Recent physical activity
Moderate vs. low
Very active vs. low
Lifetime physical activity
Very active vs. low

OR (95%CI)

0.24 (0.08, 0.75)

0.61 (0.41,0.90)
1.15 (0.72, 1.83)
0.54 (0.33, 0.88)

1994 Gumming

US men and
women
Case: 209
Control: 207
(aged>65 yr)

Hip fracture

Walking daily vs. none
Walk at age 20: high vs. none
Walk at age 50: high vs. none
Sport activity at age 20: high vs. none
Physical activity at age 50: mod vs. none

0.8 (0.3, 1.0)
2.5 (1.1, 5.8)
0.7 (0.1, 1.0)
1.0 (0.4, 3.0)
1.2 (0.7, 2.1)

1995 Johnell

European women
Case: 2,086
Control: 3,532
(aged >50 yr)

Hip fracture

Recreational activity
Any vs. none
>2 hr/wk vs. none during childhood
Young vs. adulthood
Recent vs. Past

0.7 (0.6, 0.8)
0.6 (0.5, 0.9)
0.8 (0.6, 1.2)
0.6 (0.3, 1.3)

Table 2.8 (cont.) The Effect of Physical Activity on Bone Health (BMD) in Case Control/Cross Sectional Study
Year/Author

Study population

Outcome

1995
Michaelson

Swedish women
Case:247
Control: 893
(Aged>44)

2000
Farahmand

Swedish women
Cases: 1,327
Controls: 3,262
(aged 50-8 lyr)

Hip fracture

2001
Boonyaratavej

Thai women
Cases: 229
Controls: 224
(age ^51)

Hip fracture

Exercise type
Case Control Studies
Hip fracture Physical activity
Q4 vs. Q1
Q3 vs. Q1

Recent leisure physical activity
<1 hr/wk vs. none
1-2 hr/wk vs. none
3+ hr/wk vs. none
Protective effect is pronounced in women
who lost weight after age 18

OR (95%CI)

0.68 (0.42, 1.09)
0.63 (0.42, 0.94)

0.79 (0.62, 1.00)
0.67 (0.54, 0.84)
0.48 (0.39, 0.60)

4^
4*

2001 Norton

New Zealand men Hip fracture
and women
Cases: 911
Controls: 900
(age ^ 60)

past physical activity
Moderately vs. sedentary
very active vs. sedentary
Recent physical activity
Moderately vs. sedentary
very active vs. sedentary
Physical activity
^3-10 hrs/wk vs <3 hr/wk
^ 10-20 hrs/wk vs. <3 hr/wk
2^20 hrs/wk vs. <3 hr/wk

0.67, (0.40, 1.12)
0.20, (0.10, 0.38)
0.33 (0.19, 0.60)
0.35 (0.18, 0.69)

0.46 (0.30, 0.70)
0.43 (0.27, 0.69)
0.24 (0.15,0.40)

Table 2.8 (cont.) The Effect of Physical Activity on Bone Health (BMD) in Case Control/Cross Sectional Studies
Year/Author

Study population

Outcome

1999 Coupland

England
580 Women
(aged 45-61 yr)

BMD

Exercise type
Cross-sectional studies
Fast walking pace vs. slow
Walking freq
Walking duration (hr/wk)
Stair climbing

2007 Park

Japan
96 women
76 men
(Aged 65 - 83 yr)

OSI
(osteosonic
index)

Daily step count (steps/day):
Q1 (1,356^1,393) vs. Q4 (8,202-13,576)
Q2 (4,548-6,816) vs. Q4 (8,202-13,576)
duration (min/day) >3 METs
Q1 (0.3-8.3) vs. Q4 (24.5-53.0)
Q2 (8.4-15.6) vs. Q4 ((24.5-53.0)

OR (95%CI)
8.4%|Trend p 0.013,
(trochanter)
Pos. association sig at
trochanter, femoral neck
Pos. asso. sig at trochanter
Pos. asso. sig at trochanter

8.35 (2.99, 46.8)
4.94 (2.13,27.9)
3.53 (1.23,9.32)
2.83 (1.03,5.44)

Table 2.9 The Results of Effect of Physical Activity on Bone Health (BMD) from Review Articles (Meta Analysis)
Year /
Author
1999
Wolff

Study selection

population

Outcome

1966-1996
16 RCTs/9 NRCT

pre- and
postmenopausal
women

BMD or
BMC

Women

2004

Exercise
Training
exercise
training
program

exercise

Karlsson

4^

2007
Wayne

On

2008
Moayyeri
2008
MartynSt James

2 RCTs,
2 cohort
2 cross sectional
13 cohorts

Asian
Postmenopausal
women

-2006
5 RCT
3 NRCT

Postmenopausal
women

BMD

Tai Chi Chun

fracture

PA

BMD

Walking
program only

Conclusions
Individual treatment effect: -6.6% to 10.2%
per year
Overall treatment effect: prevent 0.9% of
bone loss per year at femoral neck and
lumbar spine in pre and post menopausal
women (RTC)
PA decrease the risk of hip fracture,
slow down bone loss,
decrease the risk of fall
Reduce rate of BMD loss
Improving balance, reduce fall frequency
and increasing musculoskeletal strength
Moderate to vigorous PA is associated with
a hip fracture risk reduction of 45% (95%
Cl, 31-56%) and 38 % (95% Cl, 31-44%)
No sig change in BMD at lumbar spine
Protective effect of walking on BMD at
femoral neck
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ABSTRACT
Purpose
To assess the association between regular physical activity and hip fractures in a
large cohort study, the Adventist Health Study-2 (AHS-2).
Methods
A total of 32,645 Caucasian peri- and post-menopausal women completed a
comprehensive lifestyle questionnaire, including demographics, medical history, diet and
female history at baseline. Physical activity information included usual distance and time
spent doing regular “walk, run, jog” and vigorous workouts per week. A follow-up
questionnaire was completed 2 years after enrollment which included questions on hip
fractures due to minor trauma/fall since enrollment.
Results
After adjusting for age, body mass index and self-reported health and prevalent
fracture and osteoporosis, a protective effect on risk of hip fracture was found for
exercise: odds ratio (OR) = 0.59 (95% confidence interval (Cl): 0.34, 1.03), 0.58 (95%
Cl: 0.35, 0.98) for subjects who “walk, run, jog” 2.5-5 miles/week and > 5 miles/week
respectively, compared to <2.5 miles/week or no regular exercise (p (trend)=0.02). For
those not doing regular “walk, run, jog” exercise, those reporting regular vigorous
exercise had lower risk of hip fracture (0.72 (95% Cl: 0.35, 1.49) compared to those with
no regular exercise. Limiting analyses to subjects without prevalent fracture and
osteoporosis strengthened the protective effect of physical activity on hip fracture (OR) =
0.45 (95% Cl: 0.17, 1.18), 0.36 (95% Cl: 0.15, 0.91).
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Conclusions
Our findings suggest that a regular walking program of at least 5 miles per week lowers
the risk of hip fracture.
Keywords
Cohort Study, Physical Activity, Hip Fracture, Adventist Health Study-2
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Introduction
Hip fracture is a major problem among the aged and is associated with significant
morbidity and mortality. The incidence rate of hip fracture in the US has been reported to
be 2 per 100,000 person-years among white women under age 35 to over 3,000 per
100,000 person-years among white women age 85 and older [1]. Most patients with hip
fracture are hospitalized for about one week [2] and the overall mortality for hip fracture
patients is 22-29% in the first year [3,4]. With increased population longevity, the
incidence of bone fractures is expected to rise adding a significant burden to health care
costs [5]. Hip fractures, in particular, will be a major concern of public health in the US
in the coming decades.
Components of the fracture triangle include falls, low bone mineral density and
force. Approximately 95% of hip fractures result from falls [6] which in turn are
associated with several risk factors including: aging which slows a person’s reaction time
(reflexes), changes in muscle mass and body fat, change in vision, medications (blood
pressure pills, heart medicines, diuretics or water pills and muscle relaxants or
tranquilizers) as well as alcohol consumption.
Physical activity can be a safe way to improve bone health. Researchers have
found that exercise is negatively associated with hip fracture through increasing bone
mineral density (BMD) [7] as well as improvement in muscle strength and balance [8]
which in turn decreases the risk of falling. Specifically, weight bearing exercises such as
walking, running and aerobics are important physical activities for building and
maintaining bone mass and density and thus reducing the risk of hip fracture. In the
present study, we assessed the association between varying degrees of walking, running
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and jogging and incidence of hip fracture among peri- and post-menopausal Caucasian
women in a large cohort study, the Adventist Health Study-2 (AHS-2).
Methods
Study Population
The Adventist Health Study-2 (AHS-2) is a prospective cohort study
designed to investigate the effects of lifestyle on chronic disease among black and white
Seventh-day Adventist (SDA) church members throughout the United States and Canada
[9]. A total of 32, 645 Caucasian peri- and post-menopausal women, aged 45 years or
older, were enrolled into the study from 2002 to 2007. Approximately two years after
enrollment, a total of 27,042 (82.84 %) of these returned a short questionnaire on
hospitalizations and selected disease outcomes including hip fractures. A total of 486
women reported prevalent hip fracture at baseline and were excluded. An additional
1,158 subjects with invalid values for age and/or body mass index (BMI) (BMI <12
kg/m2 or > 60 kg/m2) were excluded as was 1,996 who did not complete the questions on
exercise, leaving 23,402 peri- and post menopausal eligible women for this study.
Of these, 17,268 reported having a regular exercise program of walking, running
or jogging whereas 6,134 reported not having such an exercise program. Among those
without a regular “walk, run or jog” exercise program, 3,393 reported engaging in
vigorous exercise more than once per week whereas 2,741 never did vigorous exercise.
Thus, a total of 20, 661 (88 %) of these peri- and postmenopausal Caucasian women
reported having a regular exercise program (walk, run, jog or vigorous program).
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Baseline Data Collection
At enrollment (2002 - 2007), all participants completed a lifestyle questionnaire,
including demographic data on age, height, weight, and education, self-reported health
status, medical history including previous fracture history, a diagnosis of osteoporosis,
cancer, other co-morbidities (angina pectoris, myocardial infarction, stroke, congestive
heart failure, chronic bronchitis, emphysema, asthma, Parkinson’s disease, rheumatoid
arthritis, degenerative disc, osteoporosis, and fibromyalgia), diet, female history
(menopausal status, age at menopause, parity and hormone use), smoking status, alcohol
consumption and physical activity. BMI was calculated by weight in kilograms (kg)
divided by height in meters (m) squared. For menopausal status, women who reported
having had menopause or were aged 60 years old or more were considered to be post
menopausal. Women who indicated they still had some menstrual periods, but had been
told by their doctor that they were beginning menopause or were aged 45 to 60 years old
were considered to be peri-menopausal.
For physical activity, two sets of questions related to “walk, run or jog” type
physical activities were collected: 1) “Do you walk, run or jog as part of a physical
activity program?” 2) If they responded “Yes”, there were three additional questions on
usual frequency (wk'1), “walk, run or jog” distance (miles) per session and time (min)
spent on each session. Another two sets of questions related to “vigorous” physical
activities were also included: 3) “how many times per week do you usually engage in
regular vigorous activities long enough or with enough intensity to work up a sweat, get
your heart thumping or get out of breath?” and 4) If “Yes’ to this question, the amount of
time spent on each vigorous exercise session was noted. Subjects who answered “yes” to
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the “walk, run, jog” question and completed the three additional questions on frequency,
distance and time were considered as having regular “walk, run or jog” exercise. Subjects
who answered “No” to this question were considered as not having a regular “walk, run
or jog” exercise. Subjects who responded with a “No” to the question on regular “walk,
run or jog” exercise and indicated “never engaged in activities this vigorous” on item
three above, were considered as not having any kind of regular exercise program whereas
those who reported doing some vigorous exercise (giving information on frequency and
duration) were considered as having regular vigorous exercise, but no regular “walk, run
and jog”.
Outcome Information
The “Bi-Annual Hospitalization History” questionnaire (HHQ) was sent to
subjects approximately two years after enrollment. Those who responded “Yes” to the
following question were considered an incident case of hip fracture: “During the last two
years, have you developed fracture of the hip (broken hip bone) for the first time?”.
It is well known that subjects, especially older people, with hip fracture have
increased risk of death [3, 4, 10]. Mortality after hip fracture remains significant, being
11-23% at 6 months and 22-29% at 1 year after injury [3]. Because of this, we also linked
our database with the National Death Index for the years 2002-2006 and used any
mention of ICD10- S 72.0-72.2 (International Classification of Diseases, 10th Edition,
Clinical Modification) codes to identify additional hip fracture cases among those who
died within two years after enrollment and therefore were unable to return the HHQ.
Only 3 additional hip fractures were identified through this mechanism.
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Statistical Methods
To assess incident hip fractures, person-years were calculated based on the
difference between the return date of the baseline questionnaire and the subsequent HHQ.
Since we did not have the exact date of each hip fracture, the incident cases were
assigned person-years equivalent to one half of their follow-up time since baseline.
For subjects who reported having a regular “walk, run or jog” exercise program,
three indices were calculated: 1) the distance in miles* wk'1 was calculated by frequency
(times*wk'!) multiplied by distance (miles*time‘1) and was categorized into low, medium
and high levels respectively: 0.125 to 2.5 miles per week, 2.6 to 5 miles per week, and
more than 5 miles per week; 2) the duration in minutes* wk'1 was calculated by
frequency (times*wk'1) multiplied by time (min*time'1) and was categorized into low,
median and high levels, respectively: 2.5 to 60 minutes per week, 61 to 120 minutes per
week, and more than 120 minutes per week. 3) the speed in miles^r'1 was calculated by
distance (miles*wk'1) divided by duration (hours* wk'1). Subjects with no “walk, run or
jog” exercise, were dichotomized by whether or not they engaged in regular vigorous
exercise. Subjects with no regular exercise (“walk, run, jog” or “vigorous”) were
grouped into a “none” exercise level.
Differences between cases and non-cases in demographic, lifestyle and physical
activity variables were tested using two sample independent t-test/ Wilcoxon MannWhitney test for continuous variables and Pearson’s chi square test/Fisher exact test for
categorical variables. The effects of physical activity and covariates on incident hip
fracture were assessed using unconditional logistic regression in which odds ratios and
95% confidence intervals were calculated. In the logistic regression model, subjects who
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experienced a hip fracture during 2 years of follow-up were considered cases and those
who did not experience a hip fracture were non-cases. A basic model with physical
activity, age and BMI was first constructed. Variables for prevalent osteoporosis and
prevalent fracture history were forced into the model in analyses that included these
groups of subjects. Potential covariates, including education, self reported health,
hormone use, alcohol use, smoking status, cancer, other co-morbidities (yes and no), and
dietary calcium intake were added to the basic model one at a time. Covariates that
changed the main effect of physical activity on hip fracture by 10% or more were
retained in the final model. Analyses were first done with 4 categories of “walk, run or
jog” exercise: none, low, medium and high. However, the odds ratio for the “none” and
“low” categories was virtually identical. Therefore, these categories were collapsed into
a new “low” category. Among those with no “run, walk or jog” exercise, but regular
vigorous exercise, we used two levels for analyses: Yes versus No.
Finally, as a sensitivity analysis, we limited our analysis to subjects without
prevalent osteoporosis or other fracture at baseline (n = 16,249).
All statistical analyses were conducted using SAS statistical software, version 9.1
(SAS Institute Inc., Cary, NC) and p < 0.05 was used as the level of significance.
Results
A total of 151 new cases of hip fracture occurred among 25,398 peri- and post
menopausal women aged 45 or older during the 55, 313 person years of follow-up period
giving an incidence rate of 2.73 per 1,000 person-years. The hip fracture incidence rates
increased with age (Tablel). Among 17,268 women with a regular “walk, run, jog”
program (37,546 person years), 90 new cases occurred giving a somewhat lower
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incidence rate of 2.40 per 1,000 person years. And when we limited analyses to subjects
without prevalent osteoporosis or non-hip fracture after age 45 (35,369 person years), the
hip fracture incidence rate was 1.39 per 1,000 person years.
Hip fracture cases were older, had lower BMI, were more likely to rate their
health as fair or poor, were less likely to drink alcohol and more likely to report other
chronic diseases, cancer, non-hip fracture history after age 45 and a diagnosis of
osteoporosis at baseline. For physical activity, cases reported “walk, run, jog” exercise of
shorter distance and slower speed (Table 2).
Age-Adjusted Model with All Subjects Included
A negative association was found between all physical activity indices
(distance, duration and speed) and hip fracture risk as well as with vigorous exercise, but
the results were not statistically significant (Table 3).
Multivariable Adjusted Models with All Subjects Included
After evaluating all potential covariates and adjusting for age, body mass
index, self-reported health and any prevalent fracture and osteoporosis in the final model,
a protective effect was found with distance of weekly walking or jogging. Compared to
those reporting low levels of exercise (no regular exercise or < 2.5 miles/week of
walking/jogging), those walking/jogging 2.5-5 miles/wk and > 5 miles/week, respectively,
had odds ratio (OR) of 0.59 (95% confidence interval (Cl): 0.34, 1.03) and 0.58 (95% Cl:
0.35, 0.98) (P (trend) = 0.02, 2 sided), respectively (Table 3). Other walking/jogging
indices such as duration and speed also showed protective effect, but did not reach
statistical significance. Those with regular vigorous exercise, but no regular
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walking/jogging had an OR=0.72 (95% Cl: 0.35, 1.49) compared to those without any
type of regular exercise (data not shown).
As expected, age showed a significant positive association with risk of hip
fracture. Self-reported fair or poor health was also associated with a significant 81%
increase in risk of hip fracture (OR = 1.81, 95% Cl: 1.18, 2.79). Subjects with a history of
other fractures after the age of 45 years, showed a 103% increased risk of hip fractures
(OR = 2.03, 95% Cl: 1.37, 3.02) (Table 3).
Models Excluding Subjects with Baseline Osteoporosis or Fracture
After limiting our analyses to subjects without prevalent osteoporosis and
non-hip fractures after the age of 45 years, the association with a regular “walk, run or
jog” program was strengthened (Table 4). Compared to those reporting no regular
exercise or < 2.5 miles/week of walking/jogging, those walking/jogging 2.5-5 miles/wk
and > 5 miles/week, respectively, had odds ratio (OR) of 0.45 (Cl: 0.17, 1.18) and 0.36
(95% Cl: 0.15, 0.91) {P (trend) = 0.02, 2 sided), respectively in multivariate models
(Table 4).
Discussion
In this 2-year follow-up study of white peri- and postmenopasal US women aged
45 and older, we found an annual incidence rate of hip fracture of 273 per 100,000
person-years and 282 per 100,000 person years after direct age-adjustment (using the US
2000 female white population [10]). When limiting the assessment to women 65 years or
older, the age-adjusted hip fracture incident rate was 597 per 100,000 person-years in the
present study which was lower than the 796 per 100,000 person-years reported in the
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2004 US National Hospital Discharge Survey [11] among the general US population 65
years and older.
The National Osteoporosis Risk Assessment (NORA) [12], a US nationwide
cohort study of white women aged 50 years or more, reported a significantly lower hip
fracture incidence rate than what we found in women 50 years and older, 263/100 000 vs.
334/100 000. The NORA study assessed outcome in the same way as we did, using selfreported doctor told hip fracture. However, due to lacking information on age-specific
numbers in the NORA study, we were not able to age-standardize the incidence rate in
our study with the NORA study. The lower incidence rate in the NORA study is most
likely due to the fact that only 5.3% of their subjects were aged 80 or more compared to
14.35% in the present study.
Hip fracture incidence rates differ among different countries [13] and vary across
different regions of the US. This difference may be due to different geographic areas or to
different methods of assessing hip fracture incidence. A high hip fracture incidence rate
of 505 per 100,000 person-years after adjustment to the 1989 US white population was
observed in Taiwanese women aged 50 to 100 using information from the National
Health Insurance (1996 - 2000) [14] which insures 96% of Taiwanese residents.
In our study, self-reported, doctor told diagnosis of hip fracture was used.
Compared to self report of other physician told diagnosis, the validity of self-reported hip
fracture is very good [15-20] ranging from 78% [15] to 99% [16] among women. The
corresponding positive and negative predictive values were 89% [17] and 99.5% in the
Danish nurses cohort [17] and 98% [16] and 100% in older, disabled women [16].
Further, the validity of self reported hip fracture does not seem to change with age [16],
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but may even become better [16, 18]. Among women aged 60 years or more, false
positive reports of hip fracture were 60% lower than among younger women [12]. Thus,
the problem of under-reporting should be limited in the present study. To further increase
accuracy, we have linked our database with the National Death Index database to identify
potential hip fracture cases contributing to death within two years of follow up. This also
minimizes the problem of underestimating the number of total hip fractures which would
bias our results towards the null.
To preserve bone mass during adulthood and older age, the American College of
Sports Medicine’s (ACSM) position on physical activity and bone health recommends
regular weight-bearing endurance activities 3-5 times per week or a total of 30-60
minutes per day of weight bearing activities combined with jumping and resistance
exercise [18]. In our study, regular walking, running or jogging for 2.5 miles/wk or more
was associated with a 55 % lower risk of hip fracture compared to doing this less than 2.5
miles/wk or having no regular exercise. Similar findings have been reported from other
studies [19-20]. The Nurse’s Health Study [19], reported that the relative risk of hip
fracture was reduced by 6 % for each increasing 1 hour increment of walking per week.
A 41% lower risk of hip fracture (RR = 0.59; 95% Cl: 0.37, 0.94) was found among
women who walked for 4 hr/wk or more compared to those walking less than one hour
per week. In a prospective study [20] of 9,516 white women aged 65 or more, a 30%
lower risk of hip fracture was found among those who walked regularly for exercise
compared to those who did not walk regularly. Park et al.[21] reported that older
Japanese women aged 65 - 83 years with a mean of 3,523 and 6,165 steps per day were
8.4 and 4.9 times more likely, respectively, to experience fractures than those walking >
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8,200 steps/day. The beneficial effect of number of steps is supported by the findings in
the present study where distance walked/week had a stronger association with hip
fractures than duration (min/wk) of “walk, run or jog”(Table 3).
In the present study, a self-report of poor or fair health independently and
significantly increased the risk of hip fracture (OR = 1.81, 95% Cl: 1.18, 2.79) compared
to being in good or excellent health. A self-report of poor health could indicate a general
poor level of physical functioning which would further increase the risk of hip fracture.
Several studies have reported similar findings. Cummings et al. [20] reported that poorer
self-rated health increased the risk of hip fracture by 70 % (RR = 1.7, 95% Cl: 1.3, 2.2)
among white women 65 years of age or older. Also, moderately impaired walking ability
compared with normal walking ability, adjusted for age and gender, was associated with
a higher risk of hip fracture (RR = 1.8, 95% Cl: 1.2, 2.7) in elderly persons in the
Netherlands [22]. Karkkainen et al.[23] found that Finnish postmenopausal women who
were incapable of walking more than 100 meters were at much higher risk for hip
fracture (RR = 11.6, 95% Cl: 2.73, 49.15) than women with full ability to walk and run.
One would think that a number of co-morbidities known to affect physical functioning
would modify the effect of exercise on risk of hip fractures. However, in our study,
neither cancer, nor any of the other self-reported and prevalent co-morbidities
significantly altered the protective effect of physical activity (result not shown).
There is some discussion as to whether lifelong physical activity and current
habitual physical activity have different effects on fracture risk. In our analyses, we only
had information on usual physical activity during the 12 months before enrollment into
the study. This “current” physical activity showed a beneficial effect on hip fracture. In
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line with our findings, Farahmand et al. [24] observed that the protective effect of
physical activity on hip fracture was limited to people with recent physical activity.
Several other studies [23, 25] have reported that regular physical activity must be
maintained to preserve its beneficial effect. A study in Denmark [25] of 637 women and
1,078 men with mean age of 49.9 years and with mean interval between two follow-up
exams of 6.3 years, found that subjects who reduced their physical activity level from the
highest or the intermediate activity level to a sedentary level, experienced higher risk of
hip fracture than those who remained moderately physically active (multivariate adjusted
RR = 2.19, 95% Cl: 1.00, 4.84 and RR = 1.89, 95% Cl: 1.21, 2.95, for reduction from the
highest and intermediate levels, respectively). Similar findings were observed in the
Nurses’ Health Study [19]. Hip fracture risk increased linearly as the 1986 activity
decreased (P for trend = 0.004) among those women who had reported high activity (^4
hr/wk) six years earlier.
The association between exercise and risk of hip fracture is in part mediated
through muscle strength and balance and their effects on the risk of falls, an important
determinant of hip fracture in elderly people [26, 27]. A 20-week clinical trial of regular
weight bearing exercises using a workstation, found significantly better performances in
balance and in strength of hip muscle in the intervention group [8]. Similarly, functional
ability is associated with risk of hip fracture. In an 8-year prospective cohort study of
2,928 Finnish postmenopausal women with mean age of 59 years, it was found that those
with reduced ability to stand on one foot (< 10 seconds) had nine times the risk of
experiencing a hip fracture compared to those standing on one foot for 10 seconds or
more [23]. In a Cochrane review [28], an average 20% reduction in the rate of falling
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among elderly people was found in a program of muscle strengthening and balance
retraining. And the risk of falls was reduced by 48 % among people aged 70 and older in
a 15-week Tai Chi group exercise intervention program [29].
Bone mineral density (BMD) is another factor related to fracture risk in general.
The association between physical activity and bone mineral density is inconsistent. The
effect of exercise on BMD change varies with different exercise programs, ranging from
negative 6.6 % to positive 10.2% per year for postmenopausal women in clinical trials
[30]. When limiting exercise to walking, one study showed regular walking had no
significant effect on preservation of BMD at the spine in postmenopausal women, whilst
significant positive effects were observed at the femoral neck [7]. Results from the
Erlangen Fitness Osteoporosis Prevention Study (EFOPS) [31, 32], showed that BMD of
the total hip was maintained in early postmenopausal women with exercise training 2
times per week for 38 months (mean change = -0.3%, p = 0.194), while significant (p <
0.001) decreases in BMD were observed in the control group (Mean change = -2.3%).
Similarly, a significant differences between the two groups was observed for the BMD at
the femoral neck (-0.7% vs. -2.6%).
A high BMI is usually associated with lower risk of hip fracture. In a meta
analysis of 12 prospective cohort studies, the inverse association between BMI and hip
fracture was confirmed. A significant 7% reduction in risk of hip fracture was found for
each unit increase in BMI (range from <20 to 40+). The magnitude of the BMI effect on
risk of hip fracture was decreased, but remained significant, after adjusting for BMD in
women [33]. Our finding of a 3% decrease in risk of hip fracture for each unit increase in
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BMI (OR = 0.97, 95% Cl: 0.93, 1.01) is somewhat lower than reported in this meta
analysis.
There are some limitations in our study. First, because our number of cases is
limited, statistical power is relatively low. Further, information on physical activity is
based on self-reported questionnaire information whereas the use of accelerometers or
pedometers would have given more objective information. Validity of the physical
activity questions is always a concern. However, the validity of the questions used for the
current study have been assessed [34] with age-adjusted correlations between “run-walkjog index” and “sports and recreation index” of r = 0.53 (p < 0.001) and 0.54 (p < 0.001)
among white SDA and non-SDA women with mean age of 54.6 and 50.4 years old.
In the present study, a moderate, although not statistically significant, protective
effect of exercise was also found among subjects reporting regular vigorous exercise, but
no regular “walk, run or jog” exercise. In a small pilot review of 30 subjects selected
from the calibration study of the AHS-2 where the same physical activity questions were
completed together with two 1-week physical activity recalls, we found that most of the
reported vigorous exercise actually was walking and aerobic exercise among those
reporting no regular “walk, run or jog” exercise. Thus, the protective effect observed for
vigorous exercise in this study, is most likely also from weight-bearing exercise. For
those who reported having no regular exercise program, we were unable to assess
whether they had any irregular physical activity. If this was the case, our results would
be biased towards the null.
In conclusion, our results suggest that a regular walking program of more than 5
miles per week is beneficial in lowering the risk of hip fracture among peri- and post63

menopausal women. Our findings are consistent with most other prospective studies [35].
Further studies are needed among high-risk populations such as peri- and postmenopausal
Caucasian women to determine if weight-bearing exercises such as number of steps
and/or distance walked are better indicators of exercise for maintaining bone health than
other types of exercise indicators.
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Table 3.1 Incidence of Hip Fracture per 1,000 Person-Years Among All Caucasian
Women Who were 45 Years Old or More in AHS-2

Age Group
<70

^70-79
^80-89
^90
Total

No. of
subjects
16,524
5,656
2,833
385
25,398

No. of
Fracture
26
48

57
20

151

71

Person
years
36, 170
12,217
6, 107
819
55,313

Incidence per
1,000 person years
0.72
3.93
9.33
24.42
2.73

Table 3.2 Demographic, Lifestyle and Physical Activity Characteristics of Hip Bone
Fracture Cases and Non Cases at Baseline. Peri- and Postmenopausal Caucasian Women,
Aged 45 Years and Older
Cases
(n=129)
No. or Mean
Age
BMI
Education
Others
Bachelor or Higher
Self report health
Fair/Poor
Good/Excellent
Hormone Use
Never/Past
Current
Alcohol
Never
Ever
Smoke
Never
Ever
Dietary calcium
^612 mg/day
>612-866 mg/day
>866 mg/day
Comorbiditiesc
No Diseases
Have Diseases
Cancer
No
Yes
Prevalent osteoporosis
No
Yes
Fracture history
No
Yes

%

78.97 (10.04)
25.30 (5.42)

Non-Cases
(n=23,273)
No. or Mean
64.24(11.70)
26.79 (6.10)

P value
%

<0.000 la
0.0045 3
67.48
32.52

0.4956b

29.69

15,559
7,497

30.00
70.00

3,001
19,806

13.16

< 0.0001b

86.84

111
13

89.52

19,046
3,932

82.89
17.11

0.0505 b

108

84.38

<0.0001 b

15.63

15,169
7,995

65.49

20

34.51

115

19,596

84.47

14

89.15
10.85

3,604

15.53

37
28
48

32.74
24.78
42.48

6,796
6,673
6,658

33.77
33.15
33.08

59

45.74
54.26

13,865
9,408

40.42

0.0014b

83
46

64.34

18,902

35.66

4,371

81.22
18.78

<0.0001b

87
42

67.44

19,539

83.96

32.56

3,734

16.04

<0.0001b

48.84

18,534

51.16

4,739

79.64
20.36

<0.0001 b

90

70.31

38

36
84

70

63
66

10.48

0.1429b

0.0668b

59.58

Abbreviation: BMI, body mass index
a Wilcoxon Mann-Whitney Test
b Chi square test
c Cardiovascular system diseases (angina pectoris, myocardial infarction, stroke, congestive heart failure),
respiratory system diseases (chronic bronchitis, emphysema, asthma), Parkinson’s disease, and
musculoskeletal system diseases (rheumatoid arthritis, degenerative disc, osteoporosis, and fibromyalgia)
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Table 3.2 (cont). Demographic, Lifestyle and Physical Activity Characteristics of Hip
Bone Fracture Cases and Non Cases at Baseline. Peri- and Postmenopausal Caucasian
Women, Aged 45 Years and Older
Cases
n=129)
No.

%

Non Cases
(n=23,273)
No.

P value

%

Vigorous exercise0 among those with
no regular walk, run, jog exercise
No
Yes

27
12

69.23
30.77

2,714
3,381

44.53
55.47

0.0020b

Regular walk, run, jog exercise
No
Yes

39
90

30.23
69.77

6,095
17,178

26.19
73.81

0.2977 b

Frequency of regular walk, run, jog
No regular exercise - 1 times/wk
2-3 times/wk
4 + times/wk

40
32
45

31.01
24.81
34.88

5,551
6,417
7,924

23.85
27.57
34.05

0.2770 b

Distance of regular walk, run, jog
No regular exercise - 2.5 miles/wk
2.6-5 miles/wk
>5 miles/wk

72
18
27

55.81
13.95
20.93

8,545
4,170
7,177

36.72
17.92
30.84

0.0003b

Duration of regular walk, run, jog
No regular exercise - 60 mins/wk
61 - 120 mins/wk
>120 mins/wk

60
29
28

46.51
22.48
21.71

8,910
4,756
6,226

38.28
20.44
26.75

0.2070b

Speed of regular walk, run, jog
No regular exercise - 2.4 mile/hr
2.5 - 3.6 mile/hr
>3.6 mile/hr

78
23
15

60.94
17.97
11.72

8,914
6,016
4,816

38.54
26.01
20.82

<0.0001b

a: Wilcoxon Mann-Whitney Test
b.
: Chi square test
c.
: Subjects with regular vigorous exercise but no regular “walk, run or jog”
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Table 3.3 The Effect of Different Indices of Physical Activity on Risk of Hip Fractures. Peri- and Postmenopausal Caucasian
Women Aged 45 Years or Older
Age adjusted
Case/Total
In distance
No rega - 2.5 miles/wk
2.6 - 5 miles/wk
>5 miles/wk

72/8,617
18/4,188
27/7,204

OR

95%CI

1
0.66

0.39, 1.11
0.72
0.46, 1.13
P(trend)= 0.11

In duration
No rega - 60 mins/wk
61 -120 mins/wk
>120 mins/wk

60/8,970
29/4,785
28/6,254

1
1.09
0.70, 1.71
0.79
0.50, 1.24
P(trend) = 0.37

In speed
No rega - 2.4 mile/hr
2.5 - 3.6 mile/hr
>3.6 mile/hr

78/8,992
23/6,039
15/4,831

1
0.71

0.44, 1.15
0.75
0.43, 1.32
P(trend) =0.18

In Distance
OR
95%CI

Multivariate13
In Duration
OR
95%CI

In Speed
95%CI
OR

1
0.59
0.34, 1.03
0.58
0.35,0.98
P(trend) = 0.02
1
0.93
0.57,1.51
0.73
0.45,1.19
P(trend) = 0.22
1
0.75
0.46, 1.23
0.55
0.28, 1.08
P(trend) = 0.06
1.10
1.08, 1.12
0.98
0.94, 1.02

1.10
1.08, 1.12
1.10
1.08, 1.13
Age (continuous)
0.94, 1.02
0.93, 1.01
0.98
0.97
BMI (continuous)
Self reported health status
1.83
1.19,2.82
1.92
1.25,2.94
1.81
1.18, 2.79
Fair vs. Good
Prevalent fracture
1.98
1.33,2.95
2.02
1.37,3.02
1.36,3.00
2.03
Yes vs. No
Prevalent osteoporosis
1.13
0.74, 1.73
1.12
1.12 0.73,1.71
0.73, 1.70
Yes vs. No
a: Subject without regular vigorous and ’’walk, run or jog” exercise . Adjusted for age, BMI, self report health, prevalent fracture and osteoporosis

Table 3.4 The Effect of Distance of Regular “Walk, Run, Jog” Exercise on Risk of Hip
Fracture. Peri- and Postmenopausal Caucasian Women 45 Years or Older without
Osteoporosis or Fracture at Baseline

No rega - 2.5 miles/wk
>2.5 - 5 miles/wk
>5 miles/wk

Case/Total
30/5,790
6/2,851
7/5,125

Age
adjusted
OR 95%C.I.

Multivariate
adjusted
OR 95%C.I.

1

1

0.46 0.18, 1.18
0.38 0.15,0.92
P(trend) = 0.02

0.45 0.17, 1.18
0.36 0.15,0.91
P(trend) = 0.02

Abbreviation: Cl, confidence interval; BMI, body mass index
a Subject without regular vigorous and ’’walk, run or jog” exercise
b Adjusted for age, BMI, self report health or/and prevalent fracture/osteoporosis
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ABSTRACT
Objective
We assessed the association between dairy source proteins and risk of hip fracture
in a large cohort study, the Adventist Health Study 2 (AHS2).
Design
A total of 14,905 peri- and postmenopausal Caucasian women aged 45 years and
older and without prevalent osteoporosis or previous fractures at baseline completed a
lifestyle questionnaire at enrollment into the study. Questions included demographics,
medical history, diet, physical activity and female history. Two years later, a follow-up
questionnaire was completed that included a question about hip fractures due to minor
trauma/falls. Nutrients were energy-adjusted.
Results
Multivariate analyses were adjusted for age, body mass index, education,
hormone use, self-reported health, physical activity, dietary calcium and total protein.
The risk of hip fracture was inversely associated with dairy food intake [OR = 0.86 (95%
Cl: 0.39, 1.90) and OR = 0.70 (95% Cl: 0.35, 1.41) for intake of 2-6 times/wk and
7+times/wk vs. <2 times/wk, respectively]. Similarly, those in the highest tertile of dairy
source protein (10.47+ g/day), experienced a clear lowering in hip fracture risk compared
to those in the lowest tertile (< 4.31 g/day) of dairy source protein (OR=0.39 (95% Cl:
0.16, 0.98).
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Conclusion
Our findings support other studies that have emphasized the importance of
adequate dairy protein intake for bone health. Further studies are needed to assess
whether other types of protein also affect bone health.
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Introduction
Hip fracture is a major public health concern in elderly persons. With increased
population longevity, the number of hip fractures is expected to increase. Approximately
1.26 million hip fractures occurred worldwide in 1990, and it is estimated that this
number will increase to 2.6 million by the year 2025 and 4.5 million by the year 2050 (1).
Large costs for hospitalization, rehabilitation and extended care will follow after a hip
fracture. A total of nearly 300,000 hip fractures cost nearly 12.1 billion dollars in the
United States in 2005, and the numbers and costs of such fractures are projected to grow
by >51% and 49%, respectively, by 2025 (2).
In order to prevent hip fractures, it is important to strengthen muscle and increase
bone density. Calcium (Ca) and protein are two major structural components of bone and
have been the focus of bone health research for many years (3-10). The effects of Ca
intake on the risk of osteoporosis have been investigated extensively (10, 11), and many
organizations (e.g. Food and Drug Administration and Centers for Disease Control and
Prevention), recommend that people consume Ca to maintain bone health (12, 13). Also,
the effects of protein on fracture risk and bone mineral density (BMD) have been
discussed (4-8). However, results for effects of different amounts and sources of protein
on bone health are inconsistent.
Milk and dairy products are known to be rich in Ca and also an excellent source
of protein. An 8 oz. glass of skim milk contains 7.2 g of protein and 247 mg of Ca
contributing 13 and 25% , respectively of recommended daily amounts for females aged
11-18 (14). Because of Ca’s protective effect of potential fractures, the 2005 dietary
Guidelines for Americans recommend that milk and milk products be consumed daily in
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amounts of three cups of milk or the equivalent for most energy patterns (15). Moreover,
dairy products not only have high Ca content, but also provide a good protein source.
Thus, dairy protein may play an important and independent nutritional role in preventing
fractures as well (16).
In the present study, we examined the association between dairy protein and
incidence of hip fracture among peri- and post- menopausal Caucasian women in a
prospective study, the Adventist Health Study 2 (AHS-2).
Subjects and Methods
Study Population
The Adventist Health Study-2 (AHS-2) is a prospective cohort study
designed to investigate the effects of lifestyle on chronic disease among black and white
Seventh-Day Adventist (SDA) church members throughout the United States and Canada
(17). A total of 32,645 Caucasian peri- and postmenopausal women aged 45 years or
older were enrolled in the study from 2002 to 2007. Approximately two years after
enrollment, 27,042 (82.84%) of these women returned a short questionnaire on
hospitalizations and selected disease outcomes, including hip fractures. Of these, 1,182
subjects with invalid values for body mass index (BMI) (BMI> 60 kg/m2 or < 12 kg/m2 )
were excluded as were 3,754 with missing nutrient information (N = 3,509) or who
reported total caloric intake of more than 5,000 kcal or less than 500 kcal (N = 245).
Among those with valid nutrient information, 385 subjects were excluded because they
reported, at baseline, to have experienced a hip fracture and another 6,816 were excluded
because of prevalent osteoporosis or other fracture after the age of 45 years. Thus, a total
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of 14,905 peri- and postmenopausal women without prevalent osteoporosis or any kind of
fracture were included in the final data analyses.
Baseline Data Collection
At enrollment (2002 - 2007), all participants completed a lifestyle questionnaire
that included demographic data about age, height, weight, education, self-reported health
status, medical history including previous fracture history and a diagnosis of osteoporosis,
diet, female history (menopausal status, age at menopause, parity and hormone use),
smoking status, alcohol consumption and physical activity. BMI was calculated as weight
in kilograms (kg) divided by height in meters (m) squared. For menopausal status,
women who reported having experienced menopause or were aged 60 years or older were
considered to be post-menopausal. Women who indicated that they still had some
menstrual periods, but had been told by their doctors that they were beginning menopause
or were aged 45 to 60 years old were considered to be perimenopausal. The amount of
physical activity (miles/wk) was calculated by frequency (times*wk-l) multiplied by
distance (miles*time-l) of “walk, run, jog” activity. Other details of the AHS-2 study are
described elsewhere (18).
Food and Nutrient Assessment
The AHS-2 food frequency questionnaire (FFQ) covers 204 food items,
for which consumption frequency and portion size were collected. Four food/nutrient
indices were calculated based on this information. The dairy food index included
different kinds of cheese (cottage cheese, cream cheese, cheddar cheese, low fat cheese,
mozzarella), butter, milk (whole, 2%, 1% or skim), evaporated milk, yogurt and other
dairy products such as whipping cream and sour cream. Dietary calcium was calculated
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from food sources only while total Ca was calculated from both food sources and
supplements. Total protein and dairy protein were calculated and energy adjusted in the
statistical model.
Outcome Information
The “Bi-Annual Hospitalization History” questionnaire (HHQ) was sent to
subjects approximately two years after enrollment, with a response rate of 82.84 %.
Subjects who responded “Yes” to the following question were considered to be incident
cases of hip fracture: “During the last two years, have you developed fracture of the hip
(broken hip bone) for the first time?”
It is well known that individuals, especially older people, with hip fracture have
an increased risk of death (19-21). Mortality after hip fracture remains significant at 1123% at six months and 22-29% at one year after injury (19). Because of this, we also
linked our database with the National Death Index for the years 2002-2006 and used any
mention of ICD10-S 72.0-72.2 (International Classification of Diseases, 10th Edition,
Clinical Modification) codes to identify additional hip fracture cases among subjects who
died within two years after enrollment and therefore were unable to return the HHQ.
Only three additional hip fracture cases were identified through this mechanism.
Statistical Analyses
Differences between cases and non-cases in demographic, lifestyle and physical
activity variables were tested using two-sample independent t-tests/Wilcoxon MannWhitney tests for continuous variables and Pearson’s chi-square tests/Fisher exact tests
for categorical variables. The association between dairy protein and hip fracture was
assessed using unconditional logistic regression. Women who reported their first hip
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fracture during the first two years after enrolling in AHS2 were identified as cases and
women who did not experience a hip bone fracture were classified as non-cases. All
nutrients in the statistical model were energy adjusted. Potential covariates, including
education, self-reported health, hormone use, alcohol use, smoking status, physical
activity, cancer, other co-morbidities (presence or absence), dietary Ca intake, total Ca
from both dietary and supplement and total protein were added to the basic model one at
a time. Covariates that changed the main effect of dairy protein on hip fracture by 10% or
more were retained in the final model. Based on this criterion, only education, selfreported health, HRT, physical activity, dietary Ca and total protein were retained in the
final model. A p-value of < 0.05 was considered statistically significant. All statistical
analyses were conducted using SAS statistical software, version 9.1 (SAS Institute Inc.,
Cary, NC).
Results
Hip fracture cases were older, had lower BMI, were more likely to rate their
health as fair or poor, were less likely to drink alcohol, reported shorter walking distance
and were more likely to report a history of cancer. With respect to nutrient intake, cases
and non-cases were statistically significant different with respect to intake of dairy
protein, dietary Ca, total Ca and total protein (Table 1).
Basic Model Excluding Subjects with Baseline Osteoporosis or Fracture
A negative association was found between the intake of dairy foods (dairy
food index) and hip fracture odds, but the results were not statistically significant in the
age- and BMI-adjusted basic model (Table 2). However, a dose-response relationship
was found between dairy protein and odds of hip fracture with the highest level of dairy
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protein intake being associated with a significant 59% lower risk of hip fracture
compared to the lowest intake (OR = 0.87, 95% Cl: 0.47, 1.60 and OR = 0.41, 95% Cl:
0.19, 0.89 for intakes of 4.31 to <10.47 g/d and 10.47+ g/d vs. <4.31 g/d compared to <
4.31 g/d, respectively) (p(trend)=0.028, two-sided).
Multivariable Model
After evaluating all potential covariates and adjusting for age, BMI,
education, self-reported health, HRT, physical activity, dietary Ca and total protein in the
final model, the protective effect of the highest level of dairy protein became stronger
than in the basic model. Compared to subjects in the lowest tertile of dairy protein intake
(< 4.31 g/day), those in the 2nd tertile (4.31 to <10.47 g/d) and highest tertile (10.47+
g/d), had OR of 1.01 (95% Cl: 0.51, 1.98) and 0.39 (95% Cl: 0.16, 0.98), respectively, (p
(trend) = 0.058, two- sided) (Table 2).
Interaction Between Dairy Protein and Dietary Ca
Because of a high correlation between dairy protein and dietary Ca intake
(r = 0.78, p < 0.0001) (data not shown), we performed additional analyses to distinguish
the effects of these two factors. Those with the lowest odds for hip fracture were subjects
who consume high dairy protein and high Ca from diet. Among subjects with high
dietary Ca intake, increasing dairy protein intake reduced the odds of hip fracture. The
reduction in hip fracture risk was 59% in the high dairy protein intake group compared to
38% in the low dairy protein intake (Table 3).
Discussion
This two-year follow-up of the AHS-2 cohort found a negative associations
between intake of dairy foods and dairy protein and risk of hip fracture in healthy peri84

and postmenopausal women. Further, the protective effect of dairy protein on hip fracture
was strengthened after adjusting for dietary Ca and total protein indicating an
independent effect of dairy protein beyond its Ca content. Similar finding was reported
from a calibration study for AHS-2 (V Matthews, unpublished data). A protective effect
of dairy consumption on BMD was also found after adjusting for age, BMI, education
and estrogen usage in postmenopausal women.
Protein is a major structural component of bone. However, the effects of different
amounts and sources of protein on bone health are inconsistent. High protein intake
(above 95 g/d) affects Ca homeostasis, resulting in increased urinary calcium excretion
(22, 23) and thus potentially an increased risk of fracture (22). In contrast, other
beneficial effects of high protein intake have been observed such as increasing BMD (24)
and muscle strength (25), minimization of bone loss (4, 7, 26), increasing IGF-1 (27) or
reduction in fracture risk (6). The results in the present study yielded some evidence for
the hypothesis that higher protein consumption contributes to decreased incidence of hip
fracture.
Milk and dairy products are known to be rich in Ca and are recommended to
maintain bone health. Dairy foods are also a good source of the highest-quality protein
(80% casein and 20% whey), providing all of the essential amino acids that humans
cannot synthesize. Whey protein, which is the richest source of leucine, can stimulate
new muscle protein synthesis (28) and inhibit muscle protein degradation after resistance
exercise (29). The same muscle protein synthesis effect has also been found for casein
(30). Also, increased levels of circulating IGF-1 were found after consumption of whey
protein or casein supplements (31). In vitro, whey protein stimulates the proliferation and
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differentiation of osteoblasts cultured in different concentrations of whey protein (32). In
the present study, dairy protein showed an independent protective effect on hip fracture
after adjusting for total protein and dietary Ca. These results support the hypothesis that
the some component in dairy protein itself plays an important role in reducing the risk of
fracture, possibly through its effect on muscle protein synthesis and bone formation.
Recent prospective and clinical trials suggest that the effects of protein on bone health
may depend on calcium intake (5, 7, 22, 26, 33). Diets with higher levels of total protein,
if accompanied by adequate calcium, may enhance bone health (26). In the present study,
women who had high dairy protein intake (7+ g/d) and high dietary Ca ( 500+ mg/d) had
a 59% lower risk of HF as compared to those who had low dairy protein and dietary Ca
(table 4). When we stratified dairy protein by levels of dietary Ca, higher dairy protein
showed a protective effect on hip fracture compared to lower dairy protein at high intakes
of dietary Ca (500+ mg/d) (OR = 0.66, 95% CTO.35, 1.25) (data not shown). Similar
findings were reported from the Nurse’s Health Study (22). Women with a high total
protein (> 95 g/d) and high dietary Ca (> 827 mg/d) diet, had 50% lower risk of fracture
than women with high protein and low Ca intake (<531 mg/d). However, Promislow et al.
(7) found that increasing protein intake was associated with increased BMD at low levels
of Ca intake. In our study, we could not test the effect of dairy protein among those with
low levels of dietary Ca intake due to the limited number of cases (n= 2) in the group of
high dairy protein and low dietary Ca.
There are several strengths to the present study. First, this is a longitudinal study
where exposure was assessed prior to outcome and recall bias is minimized. Also, the
study used a FFQ that was validated using 24 hour dietary recalls for measuring nutrient
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intake. Among white women, the correlations between two methods, FFQ and recalls
were 0.79 and 0.45 for dairy protein and total calcium, respectively (K Jaceldo-Siegl,
unpublished data, 2009). The effect of dairy protein seems to be quite consistent across
subgroups. Limitations of this study include relatively low statistical power due to limited
number of cases. Second, the multivariate analyses of dairy protein on hip fracture
controlled for many of factors, including age, BMI, education, self reported health, HRT,
physical activity, dietary Ca and total protein. However, there could be residual
confounding by other unidentified factors related to dairy protein intake that also
influence hip fracture.
In summary, our results suggest that increasing the intake of dairy products is
beneficial for reducing the risk of hip fracture among peri- and postmenopausal women.
Protein in dairy products may play an important and independent role in bone health
and/or muscle mass. Further studies are needed to determine the effects of different
sources of protein in preventing hip fracture.
Acknowledgments
This work was supported by National Institutes of Health Grant R01CA94594 and
by the School of Public Health, Loma Linda University, Loma Linda, California.

87

REFERENCES
1.

Gullberg B, Johnell O, Kanis JA. World-wide projections for hip fracture.
Osteoporosis International 1997;7:407-13.

2.

Burge R, Dawson-Hughes B, Solomon DH, Wong JB, King A, Tosteson A.
Incidence and economic burden of osteoporosis-related fractures in the United
States, 2005-2025. Journal of Bone and Mineral Research 2007;22:465-75.

3.

Prentice A. Diet, nutrition and the prevention of osteoporosis. Public Health
Nutrition 2004;7:227-43.

4.

Hannan MT, Tucker KL, Dawson-Hughes B, Cupples LA, Felson DT, Kiel DP.
Effect of dietary protein on bone loss in elderly men and women: the Framingham
Osteoporosis Study. Journal of Bone and Mineral Research 2000;15:2504-12.

5.

Meyer HE, Pedersen JI, Loken EB, Tverdal A. Dietary factors and the incidence
of hip fracture in middle-aged Norwegians. A prospective study. American
Journal of Epidemiology 1997;145:117-23.

6.

Munger RG, Cerhan JR, Chiu BC. Prospective study of dietary protein intake and
risk of hip fracture in postmenopausal women. American Journal of Clinical
Nutrition 1999;69:147-52.

7.

Promislow JH, Goodman-Gruen D, Slymen DJ, Barrett-Connor E. Protein
consumption and bone mineral density in the elderly : the Rancho Bernardo Study.
American Journal of Epidemiology 2002;155:636-44.

8.

Sebastian A, Sellmeyer DE, Stone KL, Cummings SR. Dietary ratio of animal to
vegetable protein and rate of bone loss and risk of fracture in postmenopausal
women. American Journal of Clinical Nutrition 2001 ;74:411-2.
88

9.

Macdonald HM, New SA, Golden MH, Campbell MK, Reid DM. Nutritional
associations with bone loss during the menopausal transition: evidence of a
beneficial effect of calcium, alcohol, and fruit and vegetable nutrients and of a
detrimental effect of fatty acids. American Journal of Clinical Nutrition
2004;79:155-65.

10.

Gumming RG, Nevitt MC. Calcium for prevention of osteoporotic fractures in
postmenopausal women. Journal of Bone and Mineral Research 1997;12:1321-9.

11.

Shea B, Wells G, Cranney A, et al. Meta-analyses of therapies for
postmenopausal osteoporosis. VII. Meta-analysis of calcium supplementation for
the prevention of postmenopausal osteoporosis. Endocrine Reviews 2002;23:5529.

12.

FDA Updates Health Claim for Calcium and Osteoporosis. Food and Drug
Administration, 2007.

13.

Calcium and Bone Health. Division of Nutrition, Physical Activity and
Obesity,National Center for Chronic Disease Prevention and Health Promotion,
2008.

14.

The importance of milk and dairy products as part of a healthy balanced diet. The
Dairy Council. Retrieved Aug 01, 2009, from
http://www.milk.co.uk/page.aspx?intPageID=l 31

15.

U.S. Department of Health and Human Services and U.S. Department of
Agriculture. Dietary Guidelines for Americans, 2005. 6th Edition ed. Washington,
D.C.: U.S. Government Printing Office 2005.

89

16.

Heaney RP. Dairy and bone health. Journal of the American College of Nutrition
2009;28 Suppl 1:82S-90S.

17.

Butler TL, Fraser GE, Beeson WL, et al. Cohort profile: The Adventist Health
Study-2 (AHS-2). International Journal of Epidemiology 2008;37:260-5.

18.

Jaceldo-Siegl K, Fraser GE, Chan J, Franke A, Sabate J. Validation of soy protein
estimates from a food-frequency questionnaire with repeated 24-h recalls and
isoflavonoid excretion in overnight urine in a Western population with a wide
range of soy intakes. American Journal of Clinical Nutrition 2008;87:1422-7.

19.

Haleem S, Dutchman L, Mayahi R, Grice JE, Parker MJ. Mortality following hip
fracture: trends and geographical variations over the last 40 years. Injury
2008;39:1157-63.

20.

Giversen IM. Time trends of mortality after first hip fractures. Osteoporosis
International 2007;18:721-32.

21.

Table3. Female Population by Age, Race, and Hispanic or Latino Origin for the
United States: 2000. 2001/10/03 ed: U.S. Census Bureau, Population Division.

22.

Feskanich D, Willett WC, Stampfer MJ, Colditz GA. Protein consumption and
bone fractures in women. American Journal of Epidemiology 1996;143:472-9.

23.

Heaney RP, Layman DK. Amount and type of protein influences bone health.
American Journal of Clinical Nutrition 2008;87:1567S-1570S.

24.

Wengreen HJ, Munger RG, West NA, et al. Dietary protein intake and risk of
osteoporotic hip fracture in elderly residents of Utah. Journal of Bone and Mineral
Research 2004;19:537-45.

90

25.

Schurch MA, Rizzoli R, Slosman D, Vadas L, Vergnaud P, Bonjour JP. Protein
supplements increase serum insulin-like growth factor-I levels and attenuate
proximal femur bone loss in patients with recent hip fracture. A randomized,
double-blind, placebo-controlled trial. Annals of Internal Medicine 1998;128:8019.

26.

Dawson-Hughes B, Harris SS. Calcium intake influences the association of
protein intake with rates of bone loss in elderly men and women. American
Journal of Clinical Nutrition 2002;75:773-9.

27.

Ginty F. Dietary protein and bone health. Proceedings of the Nutrition Society
2003;62:867-76.

28.

Layman DK. The role of leucine in weight loss diets and glucose homeostasis.
Journal of Nutrition 2003;133:261S-267S.

29.

Mardon J, Zangarelli A, Walrand S, et al. Impact of energy and casein or whey
protein intake on bone status in a rat model of age-related bone loss. Br Journal of
Nutrition 2008;99:764-72.

30.

Tipton KD, Elliott TA, Cree MG, Wolf SE, Sanford AP, Wolfe RR. Ingestion of
casein and whey proteins result in muscle anabolism after resistance exercise.
Medicine and Science in Sports and Exercise 2004;36:2073-81.

31.

Hoppe C, Molgaard C, Dalum C, Vaag A, Michaelsen KF. Differential effects of
casein versus whey on fasting plasma levels of insulin, IGF-1 and IGF-l/IGFBP-3:
results from a randomized 7-day supplementation study in prepubertal boys.
European Journal of Clinical Nutrition 2009:Epub, May 27.

91

32.

Xu R. Effect of whey protein on the proliferation and differentiation of
osteoblasts. J Dairy Sci 2009;92:3014-8.

33.

Dargent-Molina P, Sabia S, Touvier M, et al. Proteins, dietary acid load, and
calcium and risk of postmenopausal fractures in the E3N French women
prospective study. Journal of Bone and Mineral Research 2008;23:1915-22.

92

Table 4.1 Demographic, Lifestyle and Nutrient Intake of Hip Bone Fracture Cases and
Non Cases at Baseline. Peri- and Postmenopausal Caucasian Women, Aged 45 Years and
Older without Osteoporosis or any Fracture at Baseline

Age
BMI
Education
Others
Bachelor or Higher
Self report health
Fair/Poor
Good/Excellent
Hormone Use
Never/Past
Current
Alcohol
Never
Ever
Smoke
Never
Ever
Physical activity
^ 5 miles/wkc
> 5 miles/wk
Comorbiditiesd
No Diseases
Have Diseases
Cancer
No
Yes

Cases
(n=53)
No. or Mean
79.50 (12.58)
24.73 (5.07)

%

Non-Cases
(n=14,852)
No. or Mean
62.12(11.40)
27.20 (6.24)

P value
%

<0.0001a
0.003a

19

64.15
35.85

9,765
4,949

66.37
33.63

0.7334

13
38

25.49
74.51

1,736
12,847

11.90
88.10

0.0028

90
10

11,960
2,682

81.68
18.32

0.1288

83.02
16.98

9,411

9

5,374

63.65
36.35

0.0034

48
5

90.57
9.43

12,498
2,312

84.39
15.61

0.2159

47

88.68
11.32

10,465
4,387

70.46
29.54

0.0037

22

58.49
41.51

9,486
5,366

63.87
36.13

0.4158

36
17

67.92
32.08

12,373
2,479

83.31
16.69

0.0028

34

45

5
44

6
31

Abbreviation: BMI, body mass index
a Wilcoxon Mann-Whitney Test
b Chi square test
c no regular exercise ~ 5 miles/wk
d Cardiovascular system diseases (angina pectoris, myocardial infarction, stroke, congestive heart failure),
respiratory system diseases (chronic bronchitis, emphysema, asthma), Parkinson’s disease, and
musculoskeletal system diseases (rheumatoid arthritis, degenerative disc, osteoporosis, and fibromyalgia)
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Table 4.1 (cont.). Demographic, Lifestyle and Nutrient Intake of Hip Bone Fracture
Cases and Non Cases at Baseline. Peri- and Postmenopausal Caucasian Women, Aged 45
Years and Older without Osteoporosis or Any Fracture at Baseline
Non-Cases
(n=14,852)

Cases
(n=53)
Dairy Food
< 2 times/wk
2-6 times/wk
7 + times/wk
Dairy Protein (Q3)
<4.31 g/d
4.31 to 10.47 g/d
10.47+ g/d
Calcium from diet
< 500 mg/d
500 + mg/d
Total Ca
< 1200 mg/d
1200 + mg/d
Total protein

< 46 g/d
46 + g/d

P value

No.

%

No.

%

20
10
20

40
20
40

4,099
3,570
7,152

27.66
24.09
48.26

0.1502

25
19
9

47.17
35.85
16.98

4,943
4,943
4,966

33.28
33.28
33.44

0.0242

14
39

26.42
73.58

1,899
12,953

12.79
87.21

0.0031

33
20

62.26
37.74

8,631
6,221

58.11
41.89

0.5409

10
43

18.87
81.13

880
13,972

5.93
94.07

0.001
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Table 4.2 The Effect of Different Dairy Index on Risk of Hip Fractures. Peri- and Postmenopausal Caucasian Women Aged 45 Years or
Older without Osteoporosis or Any Fracture at Baseline
Multivariate*5
Basic Model3
Dairy Food
Dairy Protein
95%CI
Case/Total
OR
95%CI
OR
95%CI
OR
Dairy food
1
< 2 times/wk
20/4,119
1
10/3,580
0.73
(0.34, 1.59)
0.86
(0.39, 1.90)
2-6 times/wk
(0.35, 1.41)
20/7,172
0.67
(0.36, 1.27)
0.70
7 + times/wk
P(trend) = 0.2345
P(trend) = 0.1364
Dairy protein
1
25/4,968
1
<4.31 g/d
19/4,962
(0.47,1.60)
1.01
(0.51, 1.98)
0.87
4.31 to <10.47 g/d
0.39
(0.16,0.98)
9/4,975
0.41
(0.19,0.89)
10.47+ g/d
P(trend) = 0.0584
P(trend) = 0.0279
Age (cont.)
BMI (cont.)
Education
BS+ vs. others
Self reported health status
Fair vs. Good
HRT
Current vs. Never/Ever
Physical Activity
5+ vs. <5 miles/wk
Dietary Ca
500+ vs. <500 mg/d
Total protein
46+ vs. <46 g/d
a: Adjusted for age, BMI

b.

1.12
0.96

(1.09, 1.15)
(0.90, 1.02)

1.12
0.96

(1.09, 1.15)
(0.90, 1.02)

2.31

(1.25,4.28)

2.21

(1.20, 4.08)

2.27

(1.16,4.43)

2.19

(1.13,4.26)

0.57

(0.22, 1.46)

0.56

(0.22, 1.42)

0.44

(0.17, 1.14)

0.41

(0.16, 1.05)

0.67

(0.30, 1.51)

0.72

(0.32, 1.61)

0.50

(0.20, 1.23)

0.59

(0.25, 1.43)

: Adjusted for age, BMI, education, self report health, HRT, physical activity, dietary Ca, total protein

Table 4.3 The Effect of Dairy Protein and Calcium Interaction Terms on Risk of Hip
Fracture. Peri- and Postmenopausal Caucasian Women Aged 45 Years or Older without
Osteoporosis or Any Fracture at Baseline

Case/Total
Dairy protein & Ca
L&L
H&L
L&H
H&H

12/1,779
2/134
22/5,672
17/7,320

Basic Model3
OR 95%C.I.
1
2.48
0.62
0.41

(0.53,11.62)
(0.31, 1.28)
(0.19,0.87)

Multivariate6
OR 95%C.I
1
3.07 (0.63,15.01)
0.83 (0.36, 1.91)
0.47 (0.19,1.15)

a: Adjusted for age, BMI
b.
: Adjusted for age, BMI, education, self report health, HRT, physical activity, total protein(<46vs.46+)

L vs. H for dairy protein: < 7 g/d vs. 7+ g/d
L vs. H for dietary calcium: < 500 mg/d vs. 500+ mg/d
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CHAPTER 5
OTHER FINDINGS

A. Hip Fracture Incidence Between Non-Vegetarian and Lacto-ovo-Vegetarian
Females
Several studies have compared fracture risk between vegetarians and non
vegetarians (Appleby, et al., 2007; Chiu, et ah, 1997). In a previous study based on the
AHS-1, Thorpe et ah (2007) also found that peri- and post menopausal vegetarian women
were at higher risk for wrist fracture than non-vegetarian women. In this study, we
assessed hip fracture rate between female non-vegetarians and lacto-ovo-vegetarians.
Non vegetarians (n = 11,435) were defined as subjects who consumed meat or fish once
or more per month and lacto-ovo-vegetarians (n = 7,441) were defined as subjects who
ate meat or fish less than once per month and consumed dairy products once or more per
month. Based on this definition, 2,840 subjects with 25 hip fracture cases remained in a
vegan category which was defined as subjects who ate meat, fish and dairy products less
than once per month.
There was a significant association between vegetarian status and the risk of hip
fracture (p value <0.0001). A total of 43 new cases of hip fracture occurred among
11,435 non-vegetarian women aged 45 or older and 62 new cases occurred among 7,441
lacto-ovo-vegetarians . Non-vegetarians had significantly lower hip fracture crude
incidence rate (0.36%) than the hip fracture rate for lacto-ovo-vegetarians (0.84%) and
vegans (0.88%). When stratified by age, non-vegetarians had a significant 56% lower hip
fracture risk compared to lacto-ovo-vegetarians (Homogeneity test p = 0.0918; RR for
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Mantel Haenszel test chi square test (RRmh) = 0.56, p value = 0.0027) across different age
groups. Non-vegetarians had lower hip fracture risk than lacto-ovo-vegetarians and the
difference increased across different age-groups (Homogeneity test: p = 0.0020; RDmh =
- 0.0034, p value = 0.0027) (Table 5.1).
When we used vegetarian status as the main exposure in the logistic regression
model, lacto-ovo-vegetarians had 79% higher hip fracture risk than non-vegetarians in the
age and BMI adjusted model (OR = 1.79 with 95% Cl: 1.20, 2.67). This increased risk
remained significant even after adjusting for other no-dietary covariates, including health
status, HRT, education, alcohol and fracture history (OR = 1.66 with 95% Cl: 1.07, 2.57).
B. Different Demographic and Lifestyle Characteristics Between Non-Vegetarian
and Lacto-ovo-Vegetarian Females
Compared to non-vegetarian females, lacto-ovo-vegetarian females were older,
had lower BMI, were more likely to never have used HRT, were less likely to drink
alcohol and smoking, and more likely to have prevalent osteoporosis and other fracture
history. People with those features will be more likely to have hip fracture. On the other
hand, lacto-ovo-vegetarian subjects were more likely to rate their health as excellent and
good, walked longer distance per week and had fewer other diseases compared to non
vegetarian subjects. People with those features will be less likely to have hip fractures
(Table 5.2).
C. Nutrient Intake Among Female Non-Vegetarian and Lacto-ovo-Vegetarian
Females
Table 5.3 shows the macro and micro nutrient intake among non-vegetarians and
lacto-ovo-vegetarians. Lacto-ovo-vegetarian subjects had lower caloric, total protein, fat,
98

cholesterol, total Ca, dietary Ca, vitamin C, vitamin D and phosphate intake compared to
non-vegetarian subjects. On the other hand, carbohydrate and vitamin K intake was
higher in lacto-ova-vegetarian subjects than in non-vegetarian subjects.
D. Different Types of Protein Intake Between Hip Fracture and Non Hip Fracture
Among Non-Vegetarian and Lacto-ovo-Vegetarian Females
Table 5.4 and Table 5.5 show the effect of different types of proteins on hip
fracture among non-vegetarians (Table 5.4) and lacto-ovo-vegetarians (Table 5.5).
Increasing dairy protein shows protective effect on hip fracture in both groups. In the
multivariate model, the protective effect of dairy protein was attenuated among lactoovo-vegetarians, but was virtually unchanged among the non-vegetarians. The risk of hip
fracture decreased when meat protein intake increased among non-vegetarian subjects.
For plant source protein, a harmful effect of increasing protein intake was observed
among lacto-ovo-vegetarians, but was inconsistent among non-vegetarians. Lower plant
source protein intake among non-vegetarians compared to lacto-ovo-vegetarians should
be noted. Also, the nutrient information in the present analyses were calculated based on
food frequency questions only, and write-in information which included soy intake and
meat analogues was not included. These are major sources of protein for lacto-ovovegetarians. So the plant source protein is under-estimated in the present study and the
results could therefore be biased either toward or away from the null. The effects of total
protein intake on hip fracture were inconsistent among non-vegetarian subjects and lactoovo-vegetarians. Based on our analyses, we suspect a U-shaped effect of protein on risk
hip fracture.
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Table 5.1 The Association Between Vegetarian Status and Hip Fracture Status
Stratification by Age Group Among Peri- and Post Menopausal Women without Hip
Fracture at Baseline

Age
group

Vegetarian
status

45-69

Non veg
Lacto-ovo

Hip
(n= 105)
N
%
9 47.37
10 52.63

Non veg
Lacto-ovo

22

Non veg
Lacto-ovo
Non veg
Lacto-ovo

70-79

80-89
90+

P value for
chi square
test

Non hip
(n= 18,876)
N
%
7726 62.80
4576 37.20

0.1643

0.53

-0.0010

29.03
70.97

2483
1702

59.33
40.67

0.0006

0.28

-0.0091

21
19

52.50
47.50

1072
969

52.52
47.48

0.9977

0.99

-0.0002

4

26.67
73.33

111
132

45.68
54.32

0.1505

0.45

-0.0421

9

11

RR

RD

P value for homogeneity test: 0.5853 0.0001
RR = Relative Risk = (risk of lacto-ovo-vegetarian) / (risk of non-vegetarian)
RD = Risk Difference = (risk of non-vegetarian) - (risk of lacto-ovo-vegetarian)
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Table 5.2 Demographic and Lifestyle Characteristics Between Lacto-ovo-Vegetarian1
and Non-Vegetarian2 Peri- and Post Menopausal Women without Prevalent Hip Fracture
Lacto-ovo
Vegetarian
(n =7,441)
N
%
65.63
12.43
25.94
5.37

Non vegetarian
(n = 11,435)
N
%
11.50
64.38
6.47
28.21

P value

<0.0001a
Age
<0.0001a
BMI
Education
73.45
8,303
59.84
4,407
Others
26.55
<0.0001b
3,002
40.16
2,958
Bachelor +
Self report health
16.86
1,887
781
10.72
Fair/Poor
83.14
<0.0001b
9,308
6,507
89.28
Good/Excellent
Hormone Use
79.47
8,928
83.02
6,092
Never/Past
20.53
<0.0001b
2,306
1,246
16.98
Current
Alcohol
54.89
6,245
81.02
5,995
Never
45.11
<0.000 lb
5,133
1,404
18.98
Ever
Smoke
79.34
9,038
6,839
92.19
Never
20.66
<0.0001b
2,353
7.81
579
Ever
Physical Activity
75.97
8,687
5,082
68.30
< 5 miles/wk
24.03
<0.0001b
2,748
2,359
31.70
5+ miles/wk
Co-mobilities
55.36
6,330
4,605
61.89
No
44.64
<0.0001b
5,105
2,836
38.11
Yes
Cancer
80.93
9,254
79.79
5,937
No
19.07
0.0536b
2,181
20.21
1,504
Yes
Osteoporosis at baseline
85.84
9,816
6,163
82.82
No
14.16
<0.0001b
1,619
1,278
17.18
Yes
Hip fracture history
79.87
9,133
5,807
78.04
No
20.13
0.0025b
2,302
1,634
21.96
Yes
a Wilcoxon Mann-Whitney Test
b Chi square test
1 Lacto-ovo-vegetarian: eat meat/fish <1 X /month and dairy products 1+ X/month
2 Non-vegetarian: eat meat/fish 1+ X /month
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Table 5.3 Mean Value of Nutrients Between Lacto-ovo-Vegetarian1 and NonVegetarian2 Peri- and Post menopausal Women without Prevalent Hip Fracture
Lacto-ova
Vegetarian
(n = 7,441)
Mean
SD
642.86
1684.91
60.39
11.76
9.25
12.00
2.50
2.07

Non Vegetarian
(n = 11,435)
SD
Mean
1723.24
694.77
13.09
63.83
14.54
24.94
9.76
11.90
9.28
11.33
1.82
1.93
38.92
12.87
2.24
2.65
70.14
34.46
96.15
221.86
99.22
132.40
294.16
1201.29
537.97
762.91
413.14
372.48
24.06
6.27
137.79
181.34
490.09
1128.11

P value*

0.0163
Kcal
<0.0001
Total protein
<0.0001
Animal protein
<0.0001
Meat protein
<0.0001
8.48
8.38
Dairy protein
<0.0001
1.48
1.30
Egg protein
<0.0001
12.48
48.65
Plant source protein
<0.0001
3.32
2.93
Soy protein
<0.0001
30.60
64.28
Fat
<0.0001
232.97
92.06
Carbohydrate
<0.0001
63.26
66.99
Cholesterol
<0.0001
521.26
1139.50
Total Ca
<0.0001
263.09
708.72
Dietary Ca
0.0002
355.94
377.25
Vitamin C
<0.0001
17.04
4.10
Vitamin D
<0.0001
136.19
187.90
Vitamin K
<0.0001
1059.30 447.56
Phosphorous
* p value for Wilcoxon Mann-Whitney Test
i
Lacto-ovo-vegetarian: eat meat/fish <1 X /month and dairy products 1+ X/month
2 Non-vegetarian: eat meat/fish 1+ X /month
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Table 5.4 Different Types of Protein Intake Comparison Between Hip Fracture Cases and Non Hip Fracture Cases Among NonVegetarian1 Peri- and Post menopausal Women without Prevalent Hip Fracture

Hip Fracture
(n =43)
N
%

o

Non Hip
Fracture
(n =11,392)
N
%

P value
for
X2 Test

Basic Model*
OR
95%CI

Multivariate Model
OR
95%CI

Total protein
1
3,794
17
39.53
1
33.30
<58.81
0.92
0.44, 1.94
12
0.86
0.37, 1.94
33.36
3,800
58.81 to <67.46
27.91
33.34
14
0.6413
1.30
0.63, 2.67
1.26
0.57, 2.78
> 67.46
32.56
3,798
Animal Protein
1
1
18
41.86
3,797
33.33
< 17.40
3,794
17
39.53
33.30
1.07
0.55, 2.09
0.97
0.46, 2.03
17.40 to <28.54
28.54+
8
18.60
3,801
33.37
0.1203
0.60
0.26, 1.39
0.65
0.27, 1.57
Meat Protein3
33.34
1
1
15
34.88
3,798
<6.43
33.28
6.43 to <12.85
44.19
3,791
1.55
1.47
0.70, 3.09
19
0.78, 3.09
0.43,2.41
1.02
0.1692
9
20.93
3,803
33.38
1.00
12.85+
0.43, 2.33
Dairy protein
1
1
19
3,793
33.30
<6.53
44.19
0.32, 1.58
12
6.53 to <12.69
27.91
3,801
33.37
0.62
0.71
0.30, 1.29
33.34
0.25, 1.37
12
0.3188
0.58
12.69+
27.91
3,798
0.59
0.29, 1.23
Vegetable Protein
14
33.34
1
1
3,798
<34.30
32.56
0.32, 1.67
11
33.36
0.73
0.74
34.30 to <43.17
25.58
3,800
0.33, 1.63
1.21
0.58, 2.55
3,794
33.30
1.32
43.17+
18
41.86
0.4220
0.65, 2.67
*Adjusted for age and BMI
**Adjusted for age, BMI, self-report health, HRT, education, fracture history, physical activity and dietary Ca (<500 vs. 500+)
i
Non-vegetarian: eat meat/fish 1+ X /month

Table 5.5 Different Types of Protein Intake Comparison Between Hip Fracture Cases and Non Hip Fracture Cases Among Lactoovo-Vegetarian1 Peri- and Post Menopausal Women without Prevalent Hip Fracture

Hip Fracture
(n =62)
N
%

Non Hip
Fracture
(n =11,392)
N
%

P value
for
%2 Test

Basic Model*
OR
95%CI

Multivariate
Model**
95%CI
OR

Total protein
1
1
41.94
2,454
33.26
26
<56.01
0.74
0.46, 1.76
2,464
0.40, 1.35
0.90
33.39
18
29.03
56.01 to <63.52
0.94
0.47, 1.89
33.35
0.3527
0.86
0.47, 1.58
2,461
29.03
> 63.52
18
Dairy protein
1
33.30
1
24
38.71
2,457
<3.82
33.34
0.50, 1.63
1.00
0.50, 2.02
2,460
0.91
22
35.48
3.82 to <9.24
0.42, 1.91
0.36, 1.31
0.90
2,462
33.36
0.4317
0.69
^
9.24+
16
25.81
Vegetable Protein
1
1
2,467
33.43
24.19
15
<43.60
1.06,4.18
2.02
2.10
2,454
33.26
1.07,3.83
43.55
43.60 to <51.43
27
0.72,3.12
1.50
2,458
33.31
0.1697
1.57
0.80,3.10
32.26
20
51.43+
* Adjusted for age and BMI
** Adjusted for age, BMI, self-report health, HRT, education, fracture history, physical activity and dietary Ca (<500 vs. 500+)
i
Lacto-ovo-vegetarian: eat meat/fish <1 X /month and dairy products 1+ X/month

CHAPTER 6
CONCLUSIONS

A. Summary of Findings and Implications for Future Research
The present study concurs with similar results reported in the previous long term
follow up of the AHS-1 (D. G. Thorpe, 2006). First, a regular program of walking,
running, or jogging has a significant protective effect on hip fracture as well as on wrist
fracture among peri- and post menopausal Caucasian women (D. L. Thorpe, Knutsen,
Beeson, & Fraser, 2006). Interestingly, in the present study, walking distance, not
duration, was a better measure which differs from the recent ACSM recommendation
(Kohrt, Bloomfield, Little, Nelson, & Yingling, 2004). This could indicate that the impact
of stepping on the hip bone is important. In order to determine if distance is a better index
of physical activity than duration for preventing hip fracture, it may be useful for future
studies to utilize a pedometer or other type of instruments which can accurately count the
number of steps. Also, the validity of the physical activity questionnaire in the present
study has not been fully tested and validated yet and this would be useful for any future
study.
Second, we found that higher dairy protein intake is beneficial in reducing the risk
of hip fracture. Thorpe et al. found a protective effect of high protein foods on risk of
wrist fracture in the previous study (D. L. Thorpe, et al., 2008). Another study found a
protective effect of milk consumption on heel bone ultrasound (BUA) among
postmenopausal women in a subset of the AHS-2 study (V Matthews, unpublished data).
All three demonstrate that protein is an important nutrient for maintaining bone health
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among postmenopausal women. Future studies need to evaluate the effect of different
types and amounts of protein intake on bone health in different age or ethnic groups. Also,
because we had a very small vegan group, we were not able to compare the effect of
protein intake on risk of hip fracture between lacto-ovo-vegetarians and vegans in the
present study. By comparing the effect of protein in these two groups, dairy protein in
particular, we would be able to more clearly distinguish the effect of dairy protein from
other animal protein. A longer follow-up will be needed to obtain a larger number of
fracture cases among the vegans to be able to assess this. Also, we know that hip fracture
is not only related to bone density but also muscle strength. Thus assessing the effects of
diet, both nutrients and foods, on BMD directly may be helpful to investigate whether the
impact of protein is on bone density, muscle strength or both.
Overall, our findings are consistent with previous studies from the Adventist
Health Study. Physical activity and protein are two important factors for bone health. In
order to increase statistical power and assess long term lifestyle effects on hip fracture,
longer follow up is needed.
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